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,,/"' FOREWORD 

/ 
This repor t  i s  one  of   several   to   be 

conducted  under NASA Contract NAS8-26751 
published  from  research 
e n t i t l e d  "Atmospheric 

Variabi l i . ty  and Ver t i ca l  Motion."  This e f f o r t  i s  sponsored by the 
NASA Off ice   o f   Appl ica t ions   under   the   d i rec t ion  of Marshall  Space 
Flight  Center's  Aerospace  Environment  Division. The r e s u l t s  
presented i n   t h i s   r e p o r t   r e p r e s e n t   o n l y  a por t ion   o f   the   to ta l  
research   e f for t .   Other   repor t s  will be publ ished  as   the  research 
progresses.  Data  used i n   t h e   r e p o r t  were taken from the  AVE 11' 
Experiment  conducted  during a 24-h period  beginning a t  1200 GMT 
on May 11, 1974,  and'  ending a t  1200 GMT on May 1 2 ,  1974. 

i i  
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ATMOSPHERIC STRUCTURE AND VARIABILITY I N  AREAS O F  CONVECTIVE 

STORMS DETERMINED FROM 3-H RAWINSONDE DATA 

by 

Gregory S. Wilson 1 

and 

James R. Scoggins 

Center   for  App l i ed  Geosciences 
Texas ' Am Unive rs i ty  

2 

1. INTRODUCTION 

Convective  systems  are  important  in  meteorology  for many reasons. 

They provide a mechanism for   the   ver t ica l   t ranspor t   o f   mois ture  and 

hea t  (Palm& and Newton, 1969) ,  a re   respons ib le   for  much of  the  needed 

prec ip i ta t ion   dur ing   the  summer months over   large  regions  of   the 

United  States,  cause much of  the  severe  weather  such  as  tornadoes, 

h a i l ,  and  damaging surface  wind, and inf luence   l a rge-sca le   c i rcu la t ions  

i n   t h e  atmosphere  (Ninomiya, 1971).  The importance  of  convective 

systems  has  been  recognized by the   gene ra l   s c i en t i f i c  community a s  

evidenced by the  emphasis  placed upon convective  systems i n  GATE and 

o the r  programs.  Yet,  even  with  the  sophisticated  data  provided by 

s a t e l l i t e s ,   a i r c r a f t ,  and other  meteorological  observing  systems 

including  the  synoptic  network,  insufficient knowledge e x i s t s  on the 

relationships  between  convective- and synoptic-scale  systems. Because 

of  the  type  of  available  data,  i t  i s  necessary  to assume that   such a 

re la t ionship   ex is t s   to   forecas t   convec t ive   sys tems.  

A s tudy  of   the  interrelat ionships   between  large-scale   synopt ic   or  

subsynoptic  systems and small-scale   convect ive  systems  offers   def ini te  

b e n e f i t s   i n  terms o f   i nc reas ing   fo recas t ing   sk i l l s  and fur ther ing   the  

understanding  of   a tmospheric   processes .   In   fact ,   these  interrelat ion-  

sh ips  must  be  understood be t t e r   i f   f o recas t s   o f   sma l l - sca l e   convec t ive  

'Research  Assistant 
2 Professor  of  Meteorology 

L 
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systems and severe  thunderstorms  are  to be 

measurements and numerical  forecast  models 

def ine  and predict   these  important   weather  

In   t h i s   r e sea rch ,   t he   va r i ab i l i t y  and 

improved s ince   p resent  

a re   unable   to   opera t iona l ly  

producers. 

s t r u c t u r e  of la rge-sca le  

synoptic  systems  are  related  to  radar-observed  convection  using  the 

second  Atmospheric  Variability  Experiment (AVE 11)   data   obtained by 

NASA between  1200 GMT, 11 May and 1200 Gm, 12 May 1974. BY using 

the  unique 3-h consecutive  rawinsonde  soundings,  the  primary  purpose of 

the  study is  to   be t t e r   e s t ab l i sh   t he   i n t e r r e l a t ionsh ips  between 

synoptic- and convective-scale  systems by determining  the  atmospheric 

s t r u c t u r e  and v a r i a b i l i t y   i n   a r e a s  of radar-observed  convection  that 

could  not  be  measured  from  12-h  rawinsonde  data.  Convection,  as 

r e fe r r ed   t o   i n   t h i s   s tudy ,   deno tes   t he   ex i s t ence  of  convective  clouds 

observed by radar .  
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2. BACKGRDUND AND STATEMENT OF PROBLEM 

a.  Statement of problem 

A basic  assumption made  by  some a tmospher ic   sc ien t i s t s  i s  tha t   an  

in te r re la t ionship   ex is t s   be tween  convec t ive-  and synoptic-scale  systems 

outs ide  the  t ropics .  Some general   re la t ionships   a l ready  have  been 

established  from  the  12-h  synoptic  rawinsonde  data  measured  operation- 

a l ly ,   bu t   fo recas t s   o f   convec t ive   ac t iv i ty  s t i l l  f a i l   t o   c o n s i s t e n t l y  

v e r i f y   i n   s p a c e  and time. The . .  primary  reason  for   the  fa i lure   of   the  

fo recas t s  i s  t h a t   r e l a t i o n s h i p s  between  convective- and synopt ic-scale  

systems  have  not  been  established  well   or  resolved from  12-h  synoptic 

rawinsonde  data. 

The underlying  problem  in  understanding  the  interactions  between 

synoptic- and convective-scale  systems i s  that  the  time .and space  scales  

of  motion  of  convective  systems  cannot be cons i s t en t ly  measured  from the 

synoptic  rawinsonde  network. Even so, l a rge-sca le   synopt ic   d i s t r ibu t ions  

o f   p o t e n t i a l   i n s t a b i l i t y  and v e r t i c a l  motion  have  been  related  directly 

to  the  formation  of  convection. However, the   var iab i l i ty   o f   these  and 

other  parameters  over  time  periods  shorter  than  the  normal  12-h  synoptic 

time i n t e r v a l  must  be  understood and predic ted   i f   convec t ive   ac t iv i ty  

i s  to  be forecasted  accurately.   Therefore ,   the   basic   problem  in   this  

study was to  determine  what  changes  in  atmospheric  structure  occur when 

convective  systems  develop and in te rac t   wi th   the   l a rge-sca le   synopt ic  

environment. The use of 3-h  rawinsonde  data  allowed b e t t e r   r e s o l u t i o n  

of  convective  systems whose  time s c a l e s  of  motion  usually  are much 

less  than  12-h.  

b. Previous  s tudies  

The f i r s t   s t e p   i n   d e t e r m i n i n g   t h e   r e l a t i o n s h i p s  between  convective- 

and synopt ic-scale  systems i s  to   es tabl ish  the  large-scale   a tmospheric  

s t r u c t u r e   i n   a r e a s  where  convection i s  present.   Previous  research  to 

determine  this   s t ructure   has   concentrated upon objec t ive  methods  which 

relate  synoptic-scale  parameters  to  the  observed  convection. 

Endlich and Mancuso (1968) studied  the  relationships  between 

object ively  analyzed  synopt ic   data  and severe  convective  storms. They 
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were ab le   t o   i den t i fy   accu ra t e ly   a r eas   i n   wh ich   s eve re   wea the r   occu r red  

by e s t ab l i sh ing   t hose   pa rame te r s   t ha t   co r re l a t ed   bes t   i n   space   w i th   t he  

observed  convection. A basic   conclusion  reached  in   the p a p e r  was t h a t  

boundary layer   f luxes  o f  temperature and moisture  appeared  to  be more 

direct ly   re la ted  to   severe   s torm  occurrence  than lapse r a t e s   o f  tempera- 

t u r e   o r   p a r c e l   i n s t a b i l i t i e s .   I n   a d d i t i o n ,   t h e   u s e f u l n e s s   o f   o b j e c t i v e  

analysis   techniques  to   resolve  subsynopt ic-scale   features   that   del ineated 

a reas  where  convection formed,  was demonstrated. 

Scoggins and Wood (1971)  studied  those  factors  responsible  for  the 

formation and prediction  of  convection from synopt ic-scale   data .  They 

concluded t h a t   p o t e n t i a l   i n s t a b i l i t y  and pos i t ive   ver t ica l   mot ion  were 

the two most important  synoptic-scale  parameters  responsible  for  the 

formation  of  convection. 

Ninomiya (1971) examined the  s t ructure   of   the   a tmosphere  in   an  area 

of  severe  convection by using two consecutive  12-h  synoptic  time  periods. 

Detai led  synopt ic  and  dynamic analysis   of   the   data  was used   to   c la r i fy  

the  physical   interzctions  between  the  large-scale  synoptic  f low and the 

severe  thunderstorm  areas. A primary  conclusion was tha t   convec t ive  

systems  interact   wi th  and modify  the  large-scale   synopt ic   f ie ld   mainly 

through  the   re lease   o f   l a ten t   hea t .  The r e s u l t i n g  warm core  observed by 

the   au thor   in   the   middle  and upper  troposphere  above  the  convection  area 

was apparent ly   responsible   for   intensifying  the  horizontal   temperature  

g r a d i e n t   t h a t   r e s u l t e d   i n  a s t rong   uppe r - l eve l   j e t .  The j e t  maintained 

the  convective  system by creat ing  s t rong  upper- level   divergence  over   the 

convective  area.  An e n t i r e   i n t e r a c t i o n  model  was  developed to   expla in  

the  formation and development  of  the  convective  system  through  the 

transfer  of  energy  between  the  synoptic- and convective-scale  systems. 

Probabi l i ty   forecas ts  of  convection  have  been  developed  recently 

by Ronner et .  a l .   (1971) ,  Reap and Foster  (1975),  and David  (1973) using 

screening  regression  with  forecast   parameters  from,numerical  models.  

S t a t i s t i c a l   c o r r e l a t i o n s  between  observed  convection and forecasted 

parameters  have  helped i n   e s t a b l i s h i n g   t h e   r e l a t i o n s h i p s  between  convec- 

t i ve -  and synopt ic -sca le   sys tems,   bu t   the   inabi l i ty   o f   the   p resent  

models to   reso lve  and forecast   subsynoptic-scale  systems  has l i m i t e d  

the  accuracy  of  forecasts  of  convection. Even so, t he   bes t   fo recas t  

. . . . . . . . . . . . . 
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parameters  determined  from  the  correlations  of  parameters  with  convec- 

t i v e   a c t i v i t y   i n d i c a t e   t h a t   t h e   l a y e r   o f   a i r  between  the  surface and 

10,000 f t  should  be  moist and convect ively  unstable   with  posi t ive 

ver t ica l   mot ion   occur r ing   wi th in   the   l ayer .  

A short   range  forecasting  technique  for  severe  weather,   developed 

by Charba (1975),   has  demonstrated  the  importance  of  surface  effects 

in   the  formation and predict ion  of   convect ive  act ivi ty .   Surface  data  

are   used  pr imari ly   to   bet ter   def ine  subsynopt ic  and mesoscale  features 

usually  associated  with  convective  systems. 

Research at  the'Nationa1  Severe  Storms  Laboratory (NSSL) has 

emphasized the  importance  of  subsynoptic and mesoscale  systems i n  

c rea t ing   spec i f i c   r eg ions   w i th in   t he   l a rge - sca l e   synop t i c   f i e ld  where 

the   re lease   o f   ins tab i l i ty   resu l ted   in   convec t ion .  Lewis " e t   a l .  (1974) 

examined  a spec i f ic   case   o f   squa l l   l ine   format ion   wi th in   an   a rea   o f  

large-scale  upslope  motion  above a f ronta l   sur face .  The r e s u l t s   i n d i -  

ca ted   tha t   the   l a rge-sca le   synopt ic   f ie ld   c rea ted  a shallow  layer  of 

convec t ive ly   uns t ab le   a i r  above  the  f rontal   surface,  and subsynoptic- 

s ca l e   f ea tu re s  of  strong, low l eve l ,  wind shear and sur face  wind 

convergence  produced a small region  where  s t rong,   posi t ive,   ver t ical  

mot ion   re leased   the   ins tab i l i ty  and produced  convection. 

Fankhauser  (1969)  was  able  to  identify  subsynoptic and mesoscale 

systems moving through  the NSSL mesoscale  rawinsonde  network  that  were 

responsible  for  producing  convection.  Fankhauser  concluded  that many 

convective  processes  could  be  resolved  from  rawinsonde  data  measured 

a t  1 .5-h   in te rva ls   wi th in  a mesoscale  network. 

Finally,   mesoscale  numerical   models,   init ialized  with  synoptic 

rawinsonde  data,   have  been  used  successfully  to  forecast   subsynoptic- 

scale  systems  that  produced  convection.  Kaplan e t   a l .  (1973)  developed 

a subsynoptic-scale,   primitive-equation model t h a t  was ab le   t o   p red ic t  

the movement  and development  of  subsynoptic-scale  systems and f ea tu res  

tha t   resu l ted   in   the   severe   convec t ion   assoc ia ted   wi th   the  Palm Sunday 

Tornadoes  of 1965. The resul ts   indicated  that   synopt ic-scale   rawinsonde 

data  could be used   to   es tab l i sh  and p red ic t   t he   i n t e r r e l a t ionsh ips  

between  synoptic- and convective-scale  systems. 

L 
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c .  Objectives 

The pr imary  object ive  of   this   research i s  to  use  the  unique 3-h 

AVE I1 rawinsonde and sur face   da ta   to   de te rmine   the   s t ruc ture  and 

v a r i a b i l i t y  of t he   l a rge - sca l e   synop t i c   cond i t ions   r e l a t ive   t o   r ada r -  

observed  convection. 

following i s  a l i s t  o f   s p e c i f i c   o b j e c t i v e s :  

Es t ab l i sh   t he   spa t i a l  and temporal  relationships  between 

parameters  measured o r  computed  from  3-h  rawinsonde data  

and radar-observed  convection. 

Determine  the  variabil i ty  of  parameters  associated  with 

convection  over  t ime  intervals of  3, 6, 9, and 12  h. 

Determine  the  interrelationships  between  various  synoptic- 

sca le   condi t ions  and radar-observed  convection. 

Examine the   i n t e rac t ions  of synoptic- and convective- 

s ca l e  sys tems . 



7 

3.  DATA AND SYNOPTIC  CONDITIONS 

a.  AVE I1 P i l o t  Experiment 

1. Rawinsonde sur face   da ta  

The d a t a   u t i l i z e d   i n   t h i s   s t u d y   c o n s i s t s   o f  rawinsonde  soundings 

taken a t  i n t e rva l s   o f  3 h a t  54  s ta t ions   over   the   Uni ted   S ta tes   eas t   o f  

approximately 105" west longitude.  Soundings  began a t  1200 GMT on May 

11 and  ended a t  1200 GMT on May 12 ,  1974.  These da t a   cons t i t u t e   t he  

AVE I1 pilot  experiment  conducted by NASA (Scoggins and Turner,  1975). 

Figure 1 shows the   loca t ions  and s t a t i o n   i d e n t i f i e r s *   o f   t h e   p a r t i c i -  

pa t ing   s t a t ions .  

To supplement  the  rawinsonde  data  within  the AVE I1 network, a l l  

available  surface  data  were  obtained  from  the  National  Climatic  Center.  

Figure 2 shows the  locat ions  of   the  310 sur face   s ta t ions   used   wi th in  

the AVE I1 area .  

The data   reduct ion  procedure  used  in   processing  the AVE I1 rawin- 

sonde da ta  i s  cons ide rab ly   d i f f e ren t  from tha t   u sua l ly  employed wi th  

operational  rawinsonde  data. Asimuth  and e leva t ion   angles  were read 

a t  30-s i n t e r v a l s  and  thermodynamic q u a n t i t i e s  were determined  for  each 

pressure  contact .  The  raw da ta  were  keypunched and checked f o r   e r r o r s  

by computer  before  calculating  the  soundings.  The computed soundings 

were  then  rechecked  for  errors and cor rec t ions  made as   requi red .  

-The   en t i re   mas ter   reduct ion  program was designed  to   obtain  the most 

accura te   da ta   poss ib le  from  rawinsonde  soundings.  Estimates  of  the RMS 

e r ro r s   o f   t he  thermodynamic quant i t ies   are   as   fol lows  (Scoggins  and 

Smith,  1973;  Fuelberg,  1974): 

Pa rame te  r Approximate RMS Error  

Tempera tu  re 1°C 

Pressure 1.3 mb su r face   t o  400 mb; 
1.1 mb between 400 and 100 mb; 
0.7 mb between  100 and 10 mb 

Humidity  10% 

Pressure  Alt i tude  10 gpm a t  500 mb; 
20 gpm a t  300 mb; 
50 gpm a t  50 mb. 

*Stat ion names a r e   g i v e n   i n  Appendix I. 
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Fig. 1. Location of  rawinsonde stations f o r  AVE 11. 

v-3 

“QA 

Fig. 2. ~,,ocations of  s u r f a c e   s t a t i o p s  i n  AVE 11. 
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An error   analysis   conducted by Fuelberg  (1974)  indicates RMS 

v e c t o r   e r r o r s   i n  wind  speed fo r   t he  AVE I I . d a t a   a s   f o l l o w s :  

Leve 1 Elevation Angle 

700 mb 

4b'o' lb 'o '  - - 
0.5 m s - -1 2.5 m s -1 

500 mb 0.8 m s-' 4.5 m s-' 

300 mb 1.0 m s-' 7.8 m s-' 

These RMS errors   agree  c losely  with  those  presented by Reiter  (1963) 

and those  determined a t   t h e  Air Force  Missile  Test   Center  in  Florida.* 

The data   reduct ion program and the  complete   error   analysis   are   presented 

by Fuelberg  (1974), and the AVE I1 da ta   a r e   g iven   a t  25-mb i n t e r v a l s  

by Scoggins and Turner  (1975). 

A l l  surface  data  were  read and keypunched for   the   n ine   re lease  

times  of  the AVE I1 experiment  from  the  hourly  service "A" observations.  

Vector  winds,  temperature, dew point  temperature,  and surface  pressure 

were  the  surface  parameters   used  in   this   s tudy.  A l l  da t a  were  checked 

carefully  both  manually and  by computer for   inaccura te   o r   unrepresenta-  

t i v e  measurements and cor rec t ions  made as  needed. 

2.  Dig i ta l   radar   da ta  

To determine  accurately  the  intensi ty  and posi t ion  of   radar-  

observed  convection i n   t h e  AVE I1 experiment,  the  Manually  Digitized 

Radar (MDR) data  were  obtained  from NOAA's Techniques  Development 

Laboratory and plotted  for  every  hour  during  the  experiment.   Figure 3 

shows the MDR grid  network  which  covers  almost  the  entire AVE I1 

experimental   area.  Each MDR radar  block i s  approximately a square 

83 km on a s ide .  

MDR d a t a   a r e   i n  coded  form with a s ing le  d i g i t  between 1 and 9 

indicat ing  the  areal   coverage and echo  intensi ty   within  each  square.  

The following i s  an  explanation  of  the MDR code (Fos te r  and Reap, 1973): 
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Code No.  Maximum Coverage Maximum I n t e n s i t y  
Observed I n  Box Rain fa l l  Category 

V I P ~  Va lues  ~- Rate ( i n .   / h r )  

0 No Echoes 

1 1 Any VIP1  <. 1 Weak 

2  2 s 50% of VIP2 . l - .5  Moderate 

3 2 > 50% of  VIP2 .5-1.0 Moderate 

4 3 50% Of VIP3 1.0-2.0 S t rong 

5 3 > 50% of VIP3 1.0-2.0 S t rong 

6 4 < 50% Of VIP3 1.0-2.0 Very Strong 
and 4 

7 4 > 50% of VIP3 1.0-2.0 Very Strong 
and 4 

a 5 o r  6 S 50% of VIP3, >2.0 In tense   o r  

9 5 o r  6 > 50% of VIP3, >2.0 I n t e n s e   o r  

4 ,  5 and 6 Extreme 

4 ,  5  and 6 Extreme 
~ . -  ~ 

1 Video In tegra tor   Processor  

Areas  of  convection  for  each  of  the  3-h  rawinsonde  periods i n  AVE 

I1 were  determined by combining 3 hourly  plots   of  MDR data  surrounding 

a given  rawinsonde  release t i m e  i n t o  a composite  radar  chart .  The 

h ighes t  coded value  during  the 3-h period was used when echoes were 

observed i n  a given  block  a t   consecut ive  hourly  observat ions.  The 

intensi ty   of   convect ion was separated by assuming that  rainshowers 

e x i s t   f o r  2 S MDR 5 3, and thunderstorms  for MDR 2 4 (Reap, 1975). 

b.  Synoptic  conditions 

The synopt ic   s i tua t ion   a t   the   beginning   of   the  AVE I1 experiment 

(1200 GMT 11 May) consis ted  of  a la rge  push o f   co ld   po la r   a i r  moving 

southeastward  through  the  Northern  Plains  States, a r e t r e a t i n g   c o l d   a i r  

mass moving northeastward  over  the  Northeast  U.S.,  and a flow  of warm, 

m o i s t   a i r  moving northeastward  through  the M i s s i s s i p p i  Valley  ahead  of 

the   po lar   a i r .   F igures  4 and 5  show surface- ,  850-,  700-,  500-,  and 

300-mb char t s   for   the   per iods  1800 GMT, 11 May 1974, and 0600 GMT, 

12 May 1974, s i x   h o u r s   a f t e r   t h e   s t a r t  and preceeding  the end of  the 

experiment,   respectively.  
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{ a )  Surface 

( b )  850 mb 

Fig. 4 .  Synoptic c h a r t s   f o r  1800 GMT, 11 May 2974.  
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( c )  700 mb 

(a) 500 mb 

Fig .  4 .  (Continued) 
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(e) 300 mb 

Fig.  4 .  (Continued) 
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I 
04 

. 
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( a )  Surface 

( b )  850 mb 

F i g .  5 .  Synopt ic   char t s   for  0600 GMT, 1 2  May 1974. 
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(d) 500 mb 

Fig .  5. (Continued) 
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( e )  300 mb 

Fig. 5 .  (Continued) 
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Two major  weather  systems were moving through  the AVE I1 network 

during  the 24-h experiment. A st rong and par t ia l ly-occluded  cold  f ront ,  

which  connected  with a deep  cyclone, moved eastward  through  the  Great 

Lakes and M i s s i s s i p p i  Val ley   as   the   cyc lone   i t se l f  moved slowly  north- 

eastward  across  Minnesota and  Lake Superior.  A warm-sector  surface low 

wi th   an   a lmos t   ve r t i ca l   s t ruc tu re  moved eastward  across  Louisiana, 

M i s s i s s i p p i ,  and Georgia  ahead  of  the  cold  front. 

Widespread r a i n  and thundershower a c t i v i t y  were  present  during  the 

ent i re   experiment  ahead  of  the  cold  front and on top   of   the  warm f r o n t a l  

surface.   Most ly   s t ra t i form-type  precipi ta t ion  occurred  within  the 

occluded  part  of  the  cyclone  over  the  Great  Lakes. Heavy shower and 

thunderstorm  act ivi ty  was predominant  over  the  southeast U.S. as   the  

sur face  low there  produced s t rong   ver t ica l   mot ion   wi th in   the  warm and 

m o i s t   a i r  ahead  of the   f ront .  

Two smaller-scale  disturbances  developed  during  the  experiment  that 

were p a r t i c u l a r l y   i n t e r e s t i n g .  A post-frontal   l ine   of   thunderstorms 

formed within  the  cold  air   over  Nebraska and South  Dakota  around 2100 

GMT on 11 May in  associat ion  with  an  upper- level   cold  pocket  and shor t  

wave. In   add i t ion ,  a squall   l ine  containing  heavy  to  severe  thunder- 

storms  developed a t  0600 GMT, 1 2  May 1974 from  southeast  Georgia 

southwestward i n t o   t h e  Gulf  of  Mexico. Maximum radar  tops  along  the 

squa l l   l i ne  were  above 55,000 f t .  
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4. ANALYTICAL APPROACH 

a.   Object ive  analysis  scheme 

An objec t ive   ana lys i s  scheme developed by Barnes  (1964) was used 

to   i n t e rpo la t e   t he  25-mb rawinsonde and sur face   da ta   to  a grid  (Fig.  6 )  

with  approximately a 160-km spacing  between  grid  points. This gr id  

point   spacing  essent ia l ly   produces  the maximum hor izonta l   reso lu t ion  

possible  from  randomly  spaced  rawinsonde s t a t ions   (Ba r r   e t   a l .   1971) .  

The da ta  from  each  rawinsonde s t a t i o n  were  allowed  to  influence  grid- 

points   within a radius   of   only  three  gr id   dis tances  so that   major  

subsynoptic-scale  features  were  not  el iminated. A radius  of inf luence 

of  2 gr id   points  was used in   t he   su r f ace   ana lys i s  which  produced 

+ . +  + + + 

\y+ + + + + + + + + + + *  + + +\$+A 

+ + +  t. ' + + + + + + + * +  + +3"+ 
+ + + + + . + + + + +  + " - L J " I - " + + + + + + + +  F * 

Fig. 6. G r i d  used for  numerical  computations. 
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smooth f i e l d s  from the   h igh   dens i ty   sur face   da ta   tha t  meshed wi th   the  

large-scale   rawinsonde  data .   Four   i terat ions  were  a l lowed  in   the 

Barnes method t o  ma in ta in   a l l   poss ib l e   r e so lu t ion   wh i l e  s t i l l  keeping 

small-scale  noise low. 

b.  Surface  analysis  

Surface  data  have become an   in tegra l   par t   o f   research  and fore-  

casting  on  convective  storms  during  the  past  few years   s ince  i t  allows 

somewhat be t te r   reso lu t ion   of   subsynopt ic  and mesoscale  systems  usually 

associated  with  convection.  Miller  (1967)  has shown a h igh   cor re la t ion  

between  high  surface dew point  temperatures and areas  of  convection, 

and Lewis e t   a l .  (1974) have shown tha t   sur face   da ta   can  be  used  to 

def ine  s t rong  areas   of  wind  convergence  along  surface  frontal  zones. 

A s tab i l i ty   index   a , l so  was recently  developed by  Maddox (1973) using 

the   su r f ace   s t a t i c   ene rgy   f i e ld   a s  a measure   o f   po ten t ia l   ins tab i l i ty ,  

and Charba (1975)   used  surface  data   as   input   for   an  operat ional   fore-  

cast   of  severe  weather  over  short   t ime  periods.  

1. Surface  ver t ical   motion 

In   t h i s   s tudy ,   su r f ace   f i e lds   o f   vec to r  wind  and dew point  tempera- 

ture  were  objectively  analyzed  for  the  nine  t ime  periods  of  the  experi-  

ment using  the  surface  data   within  the AVE I1 rawinsonde  network. 

Terrain-induced  vertical   motion was calculated from the  equation: 

where w i s  the  terrain- induced  ver t ical   motion,   us  and vs 

'components of  the  surface wind i n   t h e  x- and y-d i rec t ions ,  
T are   the  

respec t ive ly ,  

and 2 and & a re   t he   s lopes   o f   t he   t e r r a in   i n   t he   x -  and y-d i rec t ions ,  

respect ively.  
ax a Y  

The t e r r a in   he igh t   fo r   each   g r id   po in t  i s  shown i n   F i g .  7. These 

heights  were  determined  from a smoothed t e r r a i n   f i e l d   g i v e n  by Berkofsky 

and Bertoni  (1955). The g r a d i e n t s   o f   t e r r a i n   h e i g h t   i n  E q .  1 were 

calculated by use   o f   cen tered   f in i te   d i f fe rences   over  2 gr id   d i s tances .  

A s  can be seen  from  Fig. 7, smal l   sca le   sur face   e f fec ts   such   as   smal l  

h i l l s   o r   t a l l  mountain  peaks  were  not  considered so that  the  magnitudes 

o f   t he   t e r r a in - induced   ve r t i ca l   ve loc i t i e s  would be   s imi l a r   i n   s ca l e  

to   those  calculated from the  rawinsonde  data. 
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Fig. 7 .  Terrain  heights  a t  each  grid  point  (hundreds  of  feet). 

Surface wind divergence was calculated  using  the  expression 

where Div2VSFC is  the  2-dimensional  surface wind divergence, and 

the   subsc r ip t  s r e f e r s   t o  the surface.  The pa r t i a l   de r iva t ives   were  

evaluated by centered   f in i te   d i f fe rences   over  2 g r id   d i s t ances .  

+ 

In  computations  of  vertical  motion  just  above  the  surface,  both 

terrain- induced  ver t ical   motion and divergence  of  the  surface wind 

must  be  considered  (Jarvis and Agnew, 1970).  By assuming  the  surface 

wind f i e ld   a s   r ep resen ta t ive   o f   t he  mean wind through a 50-mb deep  layer 

above  the  surface,   the   equat ion  of   cont inui ty   in   pressure  coordinates  
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-t a m  aus avs 
Div2VSFC = - - = - + - a p  ax a y  

can  be  integrated from the   su r f ace   t o   t he   t op   o f   t he  50-mb layer   to  

give  the  ver t ical   motion  through  the  top  of   the  layer .  Thus, 

where w= and Ps i s  the  surface  pressure.   Since wSFC i s  not  known, 

i t  can be  approximated by the  terrain- induced  ver t ical   motion wT 

from Eq. 1 us ing   t he   r e l a   t i on  

% 

w " -  gpwT (5) 

where g i s  the   acce le ra t ion   of   g rav i ty  and p i s  the   a i r   dens i ty .   Fo r  

the  range  of  surface  temperatures and p res su res   i n   t he  AVE I1 experi-  

ment, the above r e l a t ion   can   fu r the r  be  simplified so t h a t  

I w p  (ubar s-l) I 2 -1w (cm s-l) I .  T ( 6  1 
S 

There fo re ,   t he   r e su l t an t   ve r t i ca l   mo t ion   a t  50 mb above the   sur face  was 

calculated  using  the  expression 
-+ 

w (Ps - 50 mb) Ps 

where Ap = 50 mb and lwSFC I = - IwT I .  
= w + (DiVZVSFC) a p '  ( 7 )  

2 .  Surface  moisture  divergence 

Charba (1975)  has  reported  that  one of the  primary  parameters  used 

t o  produce  accurate  short-range  forecasts of severe  weather i s  sur face  

moisture   divergence.   In   this   s tudy  the  sur ' face dew point  temperature 

f i e l d  was used a s  a measure  of  the  moisture  distribution so tha t   t he  

2-dimensional  surface  moisture  divergence i s  given by 

where Dms i s  the  surface  moisture  divergence and TD 'is the  surface 

dew point  temperature.  Equation 8 may be w r i t t e n :  
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where $ is the   hor izonta l   g rad ien t   opera tor ,  and V i s  the  surface 

vec to r  wind. This form  of  the  equation shows tha t   sur face   mois ture  

divergence i s  a measure of the horizontal   advect ion  of   moisture  and 

sur face  wind  convergence  (negative  of  divergence), and tha t   t he   l a rges t  

negative  values  (convergence)  occur where moisture  advection 

(-‘SFC 2 D ~ -+ 

- V  T ) and sur face  wind  convergence  times  high  surface TD 
values  [TD(-V2-VsFC)1 a r e   l a rge .  By consider ing  ver t ical   motion  only,  

convect ive  act ivi ty   should  occur   where  s t rong  surface wind convergence, 

i n  combination  with  high  surface T values,  produces upward a i r  motion D 
j u s t  above the  surface and the   d i s t r ibu t ion   of   sur face   mois ture  i s  such 

that   posi t ive  moisture   advect ion i s  occurring and D i s  negative.  

-+ 

2 SFC 

-+ -t 

m s  

c .  Rawinsonde ana   l y s i s  

The AVE I1 25-mb da ta  were ob jec t ive ly   ana lyzed   fo r   a l l   n ine  time 

pe r iods   t o   de t e rmine   t he   ho r i zon ta l   d i s t r ibu t ions   o f   mo i s tu re ,   s t ab i l i t y ,  

and the   k inemat ic   f ie lds  of velocity  divergence,  moisture  divergence, and 

ver t ical   motion.   Since  layer-averaged  quant i t ies   appear   to  be more 

representat ive  of  a given  f ie ld   than  point   values   (Endl ich and Mancuso, 

1968), average  values   for  a given  layer  of wind,  moisture, and tempera- 

ture  were computed from the 25-mb da ta  whenever possible .  

The ver t ical   soundings  of   temperature ,   moisture ,  and wind were 

p lo t ted  by computer i n   t h e  form of an emagram using  the AVE I1 contac t  

da ta .  These  soundings  provided  the maximum ve r t i ca l   r e so lu t ion   poss ib l e  

from  the  rawinsonde  data and were  used to   l oca t e   s t ab le   l aye r s  and 

f ronta l   zones  sometimes l o s t   i n   t h e  25-mb da ta .  

1. Moisture 

The average   re la t ive  humidi. t.y for   var ious   l ayers  was computed by 

averaging  the 25-mb values  as follows: 

where E]!’ i s  the  average  re la t ive  humidi ty   in   the  layer  from pressure 

p1 t o  p 2  a id  p 2 C R H  i s  the summation of the   ind iv idua l  25-mb r e l a t i v e  

humidi ty   va lues   in   the   l ayer  from p1 t o  p 2 .  F ie lds   o f   average   re la t ive  

humidi ty   were  object ively  calculated and analyzed  for  the  following 

P 1  
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l ayers  : 

(1) (SFC - 500 mb) , 
(2) %l (SFC - 850  mb), 

(3)  (850 - 700  mb),  and 

(4)  (700 - 500 mb). 

2. S t a b i l i t y  

Four  measures  of s t a b i l i t y  were  considered  in   the  del ineat ion  of  

areas   of   conve,ct ive  act ivi ty   indicated by MDR da ta .  They were  the 

Total   Totals  Index (TTI) (Miller, 1967), IfKff  Index ( K I )  (George,  1960), 

Lifted  Index ( L I )  (Galway, 1956), and the  convect ive  instabi l i ty   index 

The TTI  was  computed from the  equation: 

where T and T are   temperatures  ("C) a t  500 and  850 mb, respec- 

t i v e l y ,  T and TD are  temperatures and dew point  temperatures  ("C), 

respec t ive ly ,  and (T - TDIsFC - is  the  average dew point  

depression  between  the  surface and 850 rnb ("C).  This  equation i s  

s l i g h t l y   d i f f e r e n t  from tha t   g iven  by Mil ler   s ince  the  average dew 

point   depression below  850 mb and no t   t he   po in t   va lue   a t  850 mb i s  used 

a s  a measure  of low level  moisture.   Values > 45 are   usua l ly   assoc ia ted  

wi th   convec t ive   ac t iv i ty .  

500  a50 

850 mb 

The "K" Index was  computed from the  equat ion:  

where T 5oo, T~~~ and T a re   as   def ined   prev ious ly ,  T D ~ ~ ~  - 850 is the 

average dew point  temperature from the   sur face   to  850 mb ("c) ,  and 

(T - T ) i s  the dew po in t   dep res s ion   a t  700 mb ("C).  Again, t h i s  

expression i s  d i f f e r e n t  from the "K" Index  defined by George s ince  

- 

D 

D 



I 

25 

l e v e l   a t  which  the  temperature and moisture combined to   give  the  highest  

equivalent   potent ia l   temperature  ( 0  ) was determined. The parcel  a t  e 
t h i s   l e v e l  was then   l i f t ed   d ry   ad iaba t i ca l ly   un t i l   s a tu ra t ion   occu r red ,  

then  along  the  saturated  adiabat up to 500 mb. The index  value was 

computed by subt rac t ing   the  500-mb l i f ted  temperature  from the  environ- 

mental 500 mb temperature  where  both  temperatures  are  in  degrees 

Celcius.  Values < +2 are   usual ly   associated  with  convect ive  act ivi tzy.  

F ina l ly ,  a convec t ive   ins tab i l i ty   index  ( C I I )  was  computed by 

scanning  the  equivalent  potential   temperatures from  the  surface  to 700 

mb and ca l cu la t ing  - o v e r   a l l  25-mb layers .  The C I I  value was taken 

to  be  the minimum value of - where Ap = 25. This method gives  a 

good approximation  to ?& i n   t h e  lower  troposphere. 

- AOe 
AP - A %  

AP 

$ 2  

3 .  Horizontal   k inematic   f ie lds  

The v e r t i c a l   s t r u c t u r e  of  the  kinematic  f ields was represented by 

1 7  layers  between 950 mb and 100 mb (Fig.  8 ) .  Wind measurements i n  

each  layer  were  determined by averaging  the wind over  each 50-mb l aye r  

using  the 25-mb data.  Layer 1 was allowed  to  have a varying  depth so 

tha t   the   sur face   l ayer  remained 50-mb deep and the   va r i a t ions   i n   su r f ace  

pressure from d i f f e r e n t   s t a t i o n   e l e v a t i o n s  were  adjusted  within  this  

f i r s t  rawinsonde  level.  In  addition,  since  the  boundary  layer (BL) 

usua l ly  i s  approximately  1.5 km in  depth,  the  layer  between  the  surface 

and 850 mb i s  called  the  boundary  layer. 

Vector wind f i e l d s   f o r   a l l   l a y e r s  were f i r s t   c a l c u l a t e d  on  the  grid 

using  the  layer-averaged  winds.   Horizontal   velocity  divergence was 

then computed for   every  layer   using  the  expression 

where  u and v represent  average 

pressure  layer,  and ( v P ' ~ p ) k  i s  

divergence  within  layer  k  where 

4 .  Vertical   motion 

-+ 
ve loc i ty  components  through a given 

the  average  horizontal   veloci ty  

1 5 k 17. 

The three-d imens iona l   d i s t r ibu t ion   of   ver t ica l   mot ion  i s  perhaps 

the   s ing le  most  important  parameter  needed in   the  s tudy  of   convect ion 

s ince   the   re lease  of p o t e n t i a l   i n s t a b i l i t y  i s  dependent  upon upward 
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I I 

Fig. 8. Ver t i ca l   s t ruc tu re  of layers  used i n  the 
objec t ive   ana lys i s  program. 



27 

vertical   motion  through a l aye r   o f   po ten t i a l ly  and convectively 

uns t ab le   a i r   (Byer s   1959) .   S ince   t he   ve r t i ca l  component of  the wind is 

not  a measured quant i ty ,  i t  must  be  calculated  from  other  parameters. 

While a l l  methods  of  computation  of ver t ica l  motion  have  advantages and 

disadvantages,   the  kinematic method general ly   has   been  accepted  as   the 

b e s t   e s t i m a t e   o f   v e r t i c a l   m o t i o n   i n   t h e  lower  troposphere  since  adia- 

bat ic   assumptions are poor   c lose  to   the  ground.   In   addi t ion,  i t  i s  the 

ver t ical   motion  within  the  lower  t roposphere,  and p a r t i c u l a r l y   w i t h i n  

the  boundary  layer ,   that   appears   to   re la te   best   to   the  re lease  of  

i n s t ab i l i t y   (End l i ch  and Mancuso, 1968). 

The ve r t i ca l   mo t ion   ca l cu la t ions   u sed   i n   t h i s   s tudy  employ the 

kinematic scheme developed by O'Brien  (1970).  Since i t s  development, 

th i s   t echnique  was examined  by  Smith  (1971) who be l ieves  i t  to  be  one 

of   the  best   k inematic  methods f o r   c a l c u l a t i o n   o f   v e r t i c a l   m o t i o n   i n  

terms o f   ob ta in ing   t he   mos t   phys i ca l ly   r ea l i s t i c   pa t t e rns  and  magnitudes 

r e l a t ive   t o   t he   obse rved   synop t i c   cond i t ions  and exis t ing  weather ,  

Fankhauser  (1969)  used t h i s  method s u c c e s s f u l l y   i n   c a l c u l a t i o n s   o f  

mesoscale   ver t ical   motion  f ie lds   associated  with  convect ive  formation,  

and Chien and Smith  (1973) and Kung (1973) a l s o  have  reported  that 

methods similar  to  the  O'Brien  technique  produce  the  most  realist ic 

values  and ve r t i ca l   p ro f i l . e s  of  kinematic   ver t ical   motion.  

The de r iva t ion   o f   t he   t echn ique   s t a r t s   w i th   t he   con t inu i ty  

equat ion   in   p ressure   coord ina tes  : 

where  the  subscript  k re fers   to   the   p ressure   l ayers   d i scussed   ear l ie r .  

In t eg ra t ion   o f   t h i s   equa t ion   w i th   r e spec t   t o   p re s su re  from the   sur face  

upward y i e l d s   t h e   v e r t i c a l  component of ve loc i ty ,  up, a t   t he   t op   o f  

any  layer   k .   Integrat ion  gives:  

k 
w = w + x(cp-$p)k Ap 
pk 

where pk < po and i s  the   ve r t i ca l   mo t ion   a t   t he   bo t tom of t h e   f i r s t  

l aye r   ( i e .  950 mb) . 
When k = 1, % var i e s   a t   va r ious   g r id   po in t s   acco rd ing   t o   t he  
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sur face   p ressure   var ia t ions  so t h a t  

(16) 
= [ (Ps)  - 950 mb] 

where (Ps - 50 mb) i s  the  pressure a t  which  the  resul tant   surface 

v e r t i c a l  motion i s  ca lcu la ted ,  and 900 mb i s  the   top   o f   l ayer   k=l .  

Therefore ,   the   ver t ica l   mot ion   a t   the   top   o f   l ayer   k=l  i s  given by 

where wR i s  the   r e su l t an t   su r f ace   ve r t i ca l   mo t ion  50 mb above  the 

ground computed from Eq. 4. 

While resul ts   obtained  using  the  previous  re la t ionships   have  been 

found r e a l i s t i c   i n   t h e  low and m i d d l e  troposphere,  the  accuracy  of  the 

rawinsonde  data  decreases  with  alt i tude and elevat ion  angle   (Fuelberg,  

1974). The accuracy  of  divergence  calculations,   therefore,   decreases 

a t  upper   levels  and reduces  the  accuracy  of  the computed v e r t i c a l  

motion.  Moreover, ver t ica l   in tegra t ion   of   the   hor izonta l   d ivergence  

al lows  for   the  accumulat ion  of   errors   which  fur ther   reduces  the  accuracy 

of  the computed ver t ica l   mot ion .  

A cor rec t ion  was made  by O'Brien  (1970)   to   the  calculated  ver t ical  

motion a t   a l l   l e v e l s  so tha t   the   va lue  o f  v e r t i c a l   v e l o c i t y   a t   t h e   t o p  

of   the   h ighes t   l ayer   ob ta ins  some predetermined  value,   usually  zero so 

t h a t  wk = 0 when  k = 1 7 .  The a d j u s t m e n t   f a c t o r   s i g n i f i c a n t l y   a f f e c t s  

v e r t i c a l  motion i n   t h e   l a y e r s  above  about 500 mb. 

The v e r t i c a l  m o t i o n   c a l c u l a t i o n s   f o r   a l l   l a y e r s  from Eq. 15 were 

ad jus ted   us ing   the   re la t ion  

f 

W = w - (wk - wT) (k 1- 1) 
P P  2M 

where w'  i s  the   ad jus ted   ver t ica l   ve loc i ty   for  any pressure  layer  p, 

w i s  the   unad jus t ed   ve r t i ca l   ve loc i ty  from Eq. 1 5 ,  U T  i s  t h e   v e r t i c a l  

v e l o c i t y   a t   t h e   t o p   o f   t h e   h i g h e s t   l a y e r  (100 mb), w k  i s  the  unadjusted 

v e r t i c a l   v e l o c i t y   a t  100 mb, and k i s  the   p ressure   l ayer  number. The 

P 

P 
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value  of M i s  ca lcu la ted  from 

K 

k=l 2 
M=C k = L K ( K + l )  

where K i s  t h e   t o t a l  number of pressure   l ayers   ( ie .  K = 17). 
The choice  of w = 0 is based upon e s s e n t i a l l y  a z e r o   n e t   v e r t i c a l  

T 
motion computed over   the  ent i re   gr id   network  for   unadjusted  values .  

The large  correct ions  to   upper- level   ver t ical   motion  values   a lso seem 

justif ied  since  unadjusted  values  are  sometimes  an  order  of  magnitude 

l a r g e r   t h a n   t h o s e   v e r t i c a l   v e l o c i t i e s  computed from ad iaba t i c  methods 

(Fankhauser,  1969). 

5 .  Moisture  divergence  in  the  boundary  layer 

Endlich and Mancuso (1968)  found tha t   l a rge   nega t ive   va lues   o f  

moisture  divergence  in  the  boundary  layer  correlated  well   in  space  with 

severe  convect ive  act ivi ty .  From Eq. 9,  negative  values of moisture 

divergence  through  the  boundary  layer  imply  that  most  or a l l  o f   t h i s  

layer   conta ins   pos i t ive   ver t ica l   mot ion   wi th in   an   a rea   o f   h igh   mois ture  

content   and/or   s t rong  posi t ive  moisture   advect ion.  

Moisture  divergence  in  the  boundary  layer (D ) was  computed using MBL 
the  equation 

where p1 and p extend  over  the f i r s t  two rawinsonde  pressure  levels 

below 850 mb (Fig.  8 ) ,  and ( vp"TDVp) i s  the  av'erage  moisture 

divergence.  Again,  the  depth  of  the f i r s t   l a y e r  was variable  depending 

upon the  value  of   the  surface  pressure.  

2 + +  
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5. RESULTS 

a. Atmospheric s t r u c t u r e   i n  areas of  convective  storms 

Since  convective  systems  develop and propagate   within  the  large-  

s ca l e   synop t i c   f i e ld ,  knowledge  of  the  structure  of  the  atmosphere 

surrounding  convective  systems i s  e s sen t i a l   t o   t he   unde r s t and ing   o f   t he  

i n t e r r e l a t i o n s h i p s  between  convective- and synoptic-scale  systems. 

In   addi t ion ,   forecas ts   o f   convec t ion  are in fe r r ed  from la rge-sca le  

synoptic  parameters.  Knowledge of  the  interactions  between  convective- 

and synoptic-scale  systems i s  therefore  needed f o r  improving  the  accuracy 

of  present  forecast  models. 

The s t ructure   of   the   a tmosphere  in   areas   of   convect ion was s tudied 

by us ing   ana lyzed   f i e lds   o f   mo i s tu re ,   s t ab i l i t y ,  and kinematic  parameters 

ca lcu la ted   for   each   of   the   n ine  t i m e  pe r iods   fo r  AVE 11. Resu l t s   fo r  

the two t i m e  periods,  1800 GMT on 11 May and  0600 GMT on 12 May, w i l l  

be shown; they were r ep resen ta t ive   o f   a l l   n ine  times unless   otherwise 

s ta ted .  Se lec t ed   ve r t i ca l   c ros s   s ec t ions  w i l l  a l s o  be shown i n   o r d e r  

t o   p re sen t  a th ree-d imens iona l   p ic ture   o f   a tmospher ic   s t ruc ture   in  

areas  of  convection. 

The composite d i g i t a l   r a d a r   c h a r t s   f o r  1800 and 0600 GMT a r e  shown 

i n   F i g s .  9 and 10, respec t ive ly .  These charts  were  superimposed  onto 

the  analyzed  fields  for  easy  comparison  between  radar-observed  convec- 

t i o n  and analyses  of  particular  parameters.  Thunderstorm  areas (MDR 

values  2 4 )  a r e   i d e n t i f i e d  by dark  shading and rainshowers (2  < MDR 

values  5 3) by  a sol id   hatched  l ine.  

1. Environmenta 1 mois tu re   f i e  I d s  

Surface  analyses   of  dew point  temperature and the   f ie lds   o f   average  

re la t ive   humidi ty   a re  shown i n   F i g s .  11 through  15  with  the  radar- 

observed  convection and su r face   f ron ta l   pos i t i ons  shown i n  each  chart .  

Figure 11 shows t h a t  shower and thundershower ac t iv i ty   occur red  

wi th in   the  warm sec to r  when the  surface  dew-point  temperature  exceeded 

50°F,  while some shower act ivi ty   occurred  behind  the  cold  f ront   with 

surface  dew-point  temperatures  between 40 and 50°F. Mi l l e r  (1967) 

has shown s imi l a r   r e su l t s   w i th   t hunde r s to rm  ac t iv i ty   occu r r ing  more 

f requent ly   wi th   sur face  dew point  temperatures  greater  than  55°F. 
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(a) 1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12  May 1974. 

F i g .  11. Surface analyses  .of dew poin t  temperature (OF). 
(Superimposed a r e  surface f r o n t a l  pos i t i ons  and 
radar-observed convection, wi th  dew poin t  
temperatures > 50F l i g h t l y  shaded). 
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(a) 1800 GMT, 11 May 1 9 7 4 .  

(b) 0600 GMT, 1 2  May 1 9 7 4 .  

Fig. 1 2 .  Average r e l a t i v e  humidity (SFC - 850 mb). 
(Surface f r o n t a l  pos i t i ons  and radar-observed 
convection a r e  superimposed wi th  ~ , , c - 8 5 ~  
> 70% l i g h t l y  shaded).  
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(a) 1800 GMT, 11 May 1974. 

(b) 0600 GMT, 1 2  May 1974. 

Fig.  13.  Average r e l a t i v e  humidity (850 - 700 mb). 
(Surface f r o n t a l  pos i t i ons  and radar-observed 
convect ion a r e  superimposed wi th  850-700 
> 60% l i g h t l y  shaded). 
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( a )  1800 GMT, 11 May 1 9 7 4 .  

(b) 0600 GMT, 12 May 1974 .  

Fig. 14. Average re la t ive   humidi ty  (700  - 500 mb). 
(Surface   f ronta l   pos i t ions  and radar- 
observed  convection  are  superimposed). 



(b)  0600 GMT, 1 2  May 1974. 

Fig.  15. Average r e l a t i v e  humidity (SFC - 500 mb). 
(Surface f r o n t a l  pos i t ions  and radar-observed 
convection a r e  superimposed wi th  asFc-500 
> 60% l i g h t l y  shaded). 

37  

(a )  1800 GMT, 11 May 1974. 



38 

High surface  dew-point  temperatures  also mean h igh   equiva len t   po ten t ia l  

temperatures a t   t h e   s u r f a c e  and suggest   the   importance  of   surface  a i r  

in   p rovid ing  a source  of  high  energy  which  could  be a f a c t o r   i n   t h e  

i n i t i a t i o n  and maintenance  of  convective  activity.  

Comparisons  between  average  relative  humidity and areas  of  convec- 

t i o n  show a def in i te   t endency   for   the   envi ronmenta l   a i r   to  be moist  but 

no t   necessar i ly   sa tura ted .   F igures  1 2  and 13 show high  average  re la t ive 

humidity  in  the  lower  troposphere  associated  with  the warm  and cold 

frontal   zones and southeast  U.S. cyclone. Shower and thundershower 

a c t i v i t y  was cons is ten t ly   loca ted   wi th in   these   mois t   a reas  so tha t   va lues  

Of mSFC -850 mb and m850 - 700 mb 
present   in   areas   of   convect ion.  Dry a reas   i n   t he   no r the rn  and c e n t r a l  

P l a ins   S t a t e s   beh ind   t he   co ld   f ron t ,   i n   t he   no r theas t  U.S., and north-  

eas t   o f   the   cyc lone   in   the   southeas t  U.S. contained no convection. 

However, high  average  relative  humidity  in  the  lower  troposphere  does 

not  imply  that  convection w i l l  be present .  The a rea   w i th in  and west  of 

the  major  cyclone  in  Minnesota was almost   saturated  during  the  ent i re  

AVE I1 experiment  but  thunderstorms  were  never  observed  there. 

> 70% and > 60%, respectively,   were 

The correlat ion  between  high  average  re la t ive  humidi ty  and areas  

of  convection i s  much weaker  from 700 t o  500 mb. Figure  14 shows t h a t  

convection was sometimes loca ted   i n   a r eas  where  the  middle  troposphere 

was r e l a t i v e l y  d r y .  This  occurred i n  Fig.  14a  over  the  Carolinas and 

Michigan,  while i n   F i g .  14b d r y  a i r  was observed  over   southern  I l l inois  

and Indiana  where  convection was present .   In   contrast ,   the   middle  

troposphere was moist and almost  saturated  over  the  southeast  U.S. where 

convection was present .  

The average  relative  humidity  between  the  surface and 500 mb (Fig. 

15) a l s o  shows a high  correlat ion  between  moist   environmental   a i r   in   the 

low  and middle  troposphe're and areas   of   convect ion.   Moist   a i r  i s  

present   over   the  southeast  U.S. and along  the  cold and warm f r o n t a l  

zones  where  convection i s  observed.   In   addi t ion,  a small   center   of  

m o i s t   a i r  i s  associated  with  shower  act ivi ty   that  moved from the  northern 

P l a i n s   S t a t e s   a t  1800 GMT on 11 May (Fig.   15a)  eastward  into  northern 

I l l i n o i s   a t  0600 GMT on 1 2  May (Fig.  15b). Shower a c t i v i t y  (2  5 MDR 5 3) 

always  occurred  where RHsFC - 5oo mb > 50% while  thunderstorms 
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(MDR values  2 4 )  generally  occurred  where mSFC - 5oo mb > 60%. 

A h igh   co r re l a t ion  between  high  average  re la t ive  humidi ty   in   the 

lower  t roposphere  (par t icular ly   in   the  boundary  layer)  and convective 

ac t iv i ty   has   been  shown by Reap (1975)., and Endlich and  Mancuso (1968). 

Apparently,  condensation and convect ive  c loud  formation  occur   within  or  

s l i g h t l y  above the  boundary  layer  where a i r   w i th   h igh   equ iva len t   po ten -  

t i a l  temperature i s  brought   to   sa tura t ion .  

2. S t a b i l i t y  

The s tab i l i ty   indexes   d i scussed   prev ious ly  were analyzed  objec- 

t i v e l y  and compared to  radar-observed  convection a t   a l l  times  of  the 

experiment  to  determine i f  any r e l a t ionsh ips   ex i s t ed  between  large- 

s c a l e   s t a b i l i t y  and convec t ive   ac t iv i ty .  The index  that   correlated 

bes t   i n   space   w i th   t he   convec t ive   ac t iv i ty  was determined. 

Fields   of   the   Total   Totals   Index  (TTI) ,   the   Lif ted  Index  (LI) ,  and 

the "Kt' Index  (KI)  are  given  for  1800 GMT, May 11 and 0600 GMT, May 12, 

1974, in   F igs .   16   th rough  18 .   Sur face   f ronta l   pos i t ions  and observed 

convect ion  are  shown on each  char t   wi th   unstable   areas   shaded  l ight ly .  

Gene ra l ly ,   t he   spa t i a l   d i s t r ibu t ions   o f   s t ab le  and unstable   regions 

i s  s i m i l a r   i n   a l l   t h r e e   s t a b i l i t y   f i e l d s .   F i g u r e s   1 6 ,  1 7 ,  and 1 8   a l l  

show the movement o f  s t a b l e   a i r ,   c o n t a i n i n g  no convection,  over  western 

Kansas and the Texas  panhandle a t  1800 GMT eastward  into  Arkansas and 

Missour i   a t  0600 GMT. An a rea   o f   uns t ab le   a i r  i s  a l s o  shown  by a l l  

indexes  over  the  Dakotas a t  1800 GMT which moved southeastward  into 

n o r t h e r n   I l l i n o i s  by  0600 GMT. Some shower a c t i v i t y  w a s  associated 

w i t h   t h i s   u n s t a b l e   a r e a .   S t a b l e   a r e a s  were shown by a l l  indexes 

approximately 750 km nor th  and eas t   o f   t he   sou theas t  U.S. cyclone and 

i n   t h e   n o r t h e a s t  U.S. a t  both time per iods,   but  some convection was 

observed in   these   s tab le   a reas .   Convect ion  w a s  genera l ly  found i n   t h e  

u n s t a b l e   a i r  shown by a l l  indexes  ahead  of  the  cold  front and along 

the w a r m  f r o n t   a t   b o t h  times but   very  unstable  a i r  shown by the TTI  and 

L I  i n   c e n t r a l  Texas  contained no convection. 

I n  summary, many uns tab le   a reas   in   F igs .   16 ,   17 ,  and 18  do  not 

conta in   convec t ive   ac t iv i ty  and convection is  sometimes  observed  where 

a s t a b i l i t y   i n d e x  showed a s table   environment .   Therefore ,   the   s tabi l i ty  

index  alone was only a f a i r   i nd ica to r   o f   convec t ive   ac t iv i ty   even  
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(a )  1800 GMT, 11 May 1974. 

(b)  0600 GMT, 12 May 1974. 

Fig. 16 .  Total   Totals  Index analyses.   (Surface 
f ron ta l   pos i t i ons  and radar-observed 
convection  are  superimposed  with T T I  
values > 45 l ight ly   shaded) .  
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(a)  1800 GMT, 11 May 1974 .  

(b) 0600 GMT, 12 May 1974 .  

Fig. 17 .  Lif ted  Index  analyses .   (Surface  f rontal  
pos i t ions  and radar-observed  convection 
a r e  superimposed  with L I  values < + 4 
l ight ly   shaded) .  
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Fig.  18. "K" Index  analyses.   (Surface  frontal  
pos i t ions  and radar-observed  convection 
a r e  superimposed wi th  K I  values  > 20 
l igh t ly   shaded) .  
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though a d e f i n i t e   c o r r e l a t i o n   d o e s   e x i s t .  

To determine  which  s tabi l i ty   index  correlated  best   wi th   convect ive 

a c t i v i t y ,  two re lat ive  f requency  dis t r ibut ions  for   each  index  were com- 

puted,  one  where  convective  activity was observed and the   o ther  when 

convec t ive   ac t iv i ty  was not  observed. The curves  were computed from 

a l l  nine times of the AVE I1 experiment by comparing a reas   o f  MDR 2 2 

wi th   the   ob jec t ive ly   ana lyzed   s tab i l i ty   f ie lds .   Convect ive   ac t iv i ty  

was  assumed t o   e x i s t   a t  a g r i d   p o i n t   i f  MDR 2 2 was wi th in  1/2 gr id  

poin t   d i s tance  ( ~ ~ 8 0  km) of  the  grid  value.  

Figures 1 9  through 21  show the   d i s t r ibu t ions   fo r   t he  TTI, L I ,  and 

K I ,  r espec t ive ly .  Those s t a b i l i t y   i n d e x   v a l u e s   t h a t   f a l l  between  the 

in t e r sec t ions   o f   t he  two curves  in   each  f igure  have a h igher   p robabi l i ty  

of  occurring i n  a convection  area.  To compare the  accuracy  of  the 

indexes  in   del ineat ing  areas   of   convect ion,   the   percent   convect ive  cases  

a t   g r i d   p o i n t s   t o   t h e   t o t a l  number of   gr id   point   values  of s t a b i l i t y  

were compared using  only  those  index  values  for  which  there was a g rea t e r  

40 30 [I 
Convecti 

No Convection 61.4X . '  

ton 

> 
10 - 
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\ 
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I 
I I  I 

55 > 5 5  

Total Totals Index 

Fig. 19. Relat ive  f requency  dis t r ibut ions  of  T T I  vs  percent  of 
convective  cases and percent  of  non-convective  cases. 

Lifted Index 

F i g .  20. Relat ive  f requency  dis t r ibut ions  of   Lif ted  Index  vs  
percent  of  convective  cases and percent  of non- 
convective  cases. 
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76. 7% 

Fig.   21.   Relat ive  f requency  dis t r ibut ions  of  "K" Index  vs  percent  of 
convective  cases and percent  of  non-convective  cases. 

p robab i l i t y  of convection. The r e s u l t s  ranged  from  61.4% f o r   t h e  TTI ,  

t o  64.0% f o r   t h e  L I ,  t o  76.7% fo r   t he  K I .  The super ior   success   o f  K I  

was apparent ly  due t o  i t s  cons ide ra t ion   o f   mo i s tu re   a t  700 mb s ince   the  

o the r  two indexes  consider  only 500 mb and boundary layer  parameters.  

The  good c o r r e l a t i o n  between  high  ms50 - 700 ,& i n   F i g .  13 a lso   sugges ts  

t h i s .   I n   a d d i t i o n ,  Reap (1975)  found s t a t i s t i c a l l y   t h e  K I  t o  be  an 

accurate   parameter   for   use  in   probabi l i ty   forecast ing  of   thunderstorms 

that  were  not  severe.  

The measurement  of  convective  instabil i ty i s  d i f f i c u l t   b e c a u s e  i t  

requi res   de ta i led  knowledge of   the   ver t ica l   mois ture  and temperature 

f ie lds   not   normally  avai lable   on  an  operat ional   basis .   In   this   s tudy,  

the 25-mb data  were  used  to  measure  the  largest   decrease  in 8 over a 

25-mb l a y e r   ( i n  "C/25 mb) from the  surface up to  700 mb. This value 

was the  convect ive  instabi l i ty   index.   Figure 22 shows two examples o f  

the C I I  a t  1800 GMT, 11 May and  0600 GMT, 1 2  May 1974. 

e 

The C I I  f i e l d s   i n d i c a t e   t h a t  0, decreases   wi th   he ight   in   the   lower  

troposphere  almost  everywhere  within  the AVE I1 area   bu t   decreases  more 

s lowly   o r   i nc reases   s l i gh t ly   w i th in   t he   co ld   a i r   beh ind   t he   co ld   f ron t  

or   nor theas t   o f   the  warm f ron t .  This can be seen   bo th   in   F igs .  22a and 

22b. However, convection  tends  to  occur  in  areas  where oe decreases  

rap id ly   wi th   he ight   as  ahead  of  the  cold  front and over  the  Carolinas 

i n  Fig.  22a, and a long   t he   squa l l   l i ne   i n   t he   sou theas t  U.S. i n   F i g .  22b. 

Moreover ,   convect ive  instabi l i ty  seems to  be a necessary  but   not  

su f f i c i en t   cond i t ion   fo r   convec t ive   ac t iv i ty   a s   can  be seen   i n   F ig .  22b. 

A large  area  in   northern  Louis iana and southern  Arkansas shows t h a t  0 

decreased 30°C i n  a 25-mb layer   bu t  no convection was present   while  
e 
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(b) 0600 GMT, 12 May 1974. 

Fig. 22. Convective ins tab i l i ty   index   (CII )   ana lyses .   (Larges t  
change i n  0, over  Ap = 25 mb between SFC and 700 mb, 
OC/25 mb,with su r face   f ron ta l   pos i t i ons  and radar- 
observed  convection  superimposed). 
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extreme  convect ive  instabi l i ty   exis ted  very  c lose  to   the  squal l   l ine   in  

southern  Georgia. This suggests   that   heavy  or   severe   thunderstom 

a c t i v i t y  may be assoc ia ted   wi th   ex t reme  convec t ive   ins tab i l i ty .  

However, extreme  convect ion  instabi l i ty  may ex i s t   w i th in   an   a r ea  of 

s t rong   subs idence   i n   t he   l ower   t roposphe re   t ha t   d r i e s   a l l   l aye r s   o f   a i r  

except  those  near  the  surface.   This was apparent ly   the   case   in   the  

Arkansas-Louisiana  area i n  Fig.  22b. 

The use  of a c r i t i c a l   v a l u e   o f  C I I  i n   de l inea t ing   convec t ive  

a c t i v i t y  met wi th   on ly   l imi ted   success   in   th i s   s tudy .  No p a r t i c u l a r  

value  of -A@,/AP was found tha t   cons is ten t ly   separa ted   a reas   wi th  and 

without  convection.  This  suggests  that   perhaps  there  might be a r e l a -  

tionship  between  the  values  of -AOe/AP and the amount of v e r t i c a l  

l i f t i ng   r equ i r ed   t o  produce  convection  since Qe d i d  decrease  with  height  

almost  everywhere. 

3. Kinematic  structure 
m 

Surface   ana lyses   a t  1800 GMT, 11 May and 0600 GMT, 1 2  May 1974 of 

vector  wind,  terrain-induced  vertical   motion,  surface wind divergence, 

and r e su l t an t   ve r t i ca l   mo t ion  50 mb above the   sur face   a re  shown i n  

Figs.  23 through 26 a long  with  the  surface  f rontal   posi t ions and ob- 

served  convection a t   respec t ive   t imes .  

The objectively  analyzed wind f i e l d s   i n   F i g .  23 show  two wel l -  

def ined   cyc lonic   c i rcu la t ions   assoc ia ted   wi th   the  two lows over  the 

Great  Lakes and the  southeast  U.S. Wind speeds  exceeding 20 k t s  surround 

the low in  the  northern  Plains   States   while   speeds > 25 k t s  are   located 

e a s t  and southeast   of  the  cyclone  in  the  southeast  U.S. 

In  Fig.   24,   the  sign and magnitude  of  the  terrain-induced  vertical  

ve loc i ty  showed a poor   co r re l a t ion   w i th   convec t ive   ac t iv i ty   i n   gene ra l .  

Strong downward motion  was  associated  with  shower  activity  in  the 

n o r t h e r n   P l a i n s   S t a t e s   a t  1800 GMT, while upward motion 1 cm i n  

the  Texas  panhandle was associated  with a non-convective  area a t  both 

time  periods. However, the  strong  convection  over  the  southeast  U.S. 

was cons is ten t ly   occur r ing   wi th in   an   a rea   o f  upward a i r  motion a t   t h e  

surface  throughout  the  experiment  which  suggests  that, a t   l e a s t   i n  some 

areas ,   the   terrain- induced  ver t ical   veloci ty  may be a f a c t o r   i n  main- 

ta in ing   or   p roducing   the   re lease   o f   ins tab i l i ty .   This   a l so  may have 
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(a)  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12 May 1974. 

Fig.  23 .  Surface wind and isotach  analyses  (kts).  
(Isotachs drawn  from exact  values; barbs 
plotted  to  nearest 5 k t s ;  superimposed are 
surface  frontal  positions and radar-observed 
convection). 
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( a )  1800 GMT, 11 May 1974. 

( b )  0600 GMT, 12 May 1974. 

Fig. 24. Terra in- induced   ver t ica l   ve loc i ty  (cm s-l). 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 



49 

(a)  1800 GMT, 11 May 1974.  

(b) 0600 GMT, 12 May 1974. 

Fig. 25. Surface wind divergence  analyses s"). 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 
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(a) 1800 GWC, 11 May 1 9 7 4 .  

(b) 0600 Gm, 12 May 1 9 7 4 .  

Fig. 26. Resu l t an t   ve r t i ca l   ve loc i ty  50 mb above 
the  surface  (vbar S-'). (Superimposed a r e  
su r face   f ron ta l   pos i t i ons  and radar-observed 
convect  ion) . 
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been  the  case  ahead  of   the  cold  f ront   in   the  upper  M i s s i s s i p p i  Valley 

where  convection was observed  within upward ve r t i ca l   mo t ion   a t   bo th  

1800 and 0600 GMT. 
In   con t r a s t ,   t he   su r f ace  wind d ivergence   f ie lds   in   F ig .  25  showed 

a s t rong  correlat ion  with  convect ive  act ivi ty .   Strong  veloci ty   conver-  

gence a t  both  time  periods was associated  with  convection found along 

the  cold and warm f ronta l   zones  and wi th in   the   southeas t  U . S .  cyclone. 

However, velocity  convergence a t   t h e   s u r f a c e  i s  not  a suf f ic ien t   condi -  

t ion  for  the  formation  of  convection  since  thunderstorms  were  not found 

within  thestrong  convergence  associated  with  the  major   cyclone  in   the 

Great  Lakes or   within  the  convergence  associated  with  the  lee   s ide low 

found a t  0600 GMT i n   t h e  Texas  panhandle  (Fig.  25b).  Convection was 

seldom  found i n  a divergent  wind f i e ld   a t   t he   su r f ace   wh ich  was consis- 

tently  located  behind  the  cold  front and west  of  the  southeast  U.S. 

cyclone a t  both  times. 

The r e su l t an t   f i e ld   o f   ve r t i ca l   mo t ion   a t   t he   su r f ace   (F ig .  26), . 
calculated from Eq. 7, shows an   a lmost   per fec t   spa t ia l   cor re la t ion   wi th  

convec t ive   ac t iv i ty   a t   a l l   t imes   o f   the   exper iment .  Upward v e r t i c a l  

motion was associated  with  convect ion  both  a long  the  f rontal   zones and 

within  the  southeast  U.S. low and small   areas   of   s t rong upward motion 

a l s o  were  sometimes  accompanied by s t ronger   convect ion,   especial ly  

along  the  frontal   zones and over   the  southeast  U.S. where upward ver- 

t i c a l  motion  exceeded 2 pbar s-l. Areas  of  thunderstorms (MDR 2 4 )  

seldom  were  located  within  subsidence  close  to  the  surface. 

The combination  of  terrain-induced  vertical  motion and surface 

wind divergence  appeared  to  produce a v e r t i c a l  motion  f ie ld   that  was 

accu ra t e   i n   ou t l i n ing   a r eas  where pos i t ive   ver t ica l   mot ion  produced 

and maintained  convection. The upward a i r  motion  close  to  the  ground, 

therefore ,  seems to   be   an   essent ia l   ingredien t   for   the   re lease   o f  

i n s t a b i l i t y  and convection. It appears   that   the  combined e f f ec t s   o f  

both  terrain-induced  vertical   motion and surface wind divergence  must 

be  considered i n  producing  accurate  vertical   motion. 

Figure 27  shows the   sur face   mois ture   d ivergence   f ie lds   a t  1800 GETT 

and 0600 GMT calculated from Eq. 8. Physical ly ,   large  negat ive  values  

represent  areas  where  the  surface wind f i e l d  i s  convergent  or  posit ive 
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(a) 1800 GMT, 11 May 1974. 

(b)  0600 Gm, 12  May 1974. 

Fig.  27. Surface  moisture  divergence O K  s-l) analyses .  
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  and 
radar-observed  convection). 
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moisture   advect ion i s  occurr ing   or   bo th .  

The f ie lds   of   surface  moisture   divergence and sur face  wind d iver -  

gence  appear   very  s imilar   indicat ing  that   the   divergence term i s  dominant 

i n  most c a s e s   i n   t h e  AVE I1 experiment  over  the  advection term i n  Eq. 9. 

The s p a t i a l   c o r r e l a t i o n  between  convection and moisture  convergence i s  

q u i t e  good, and shows tha t   s t ronger   mois ture   convergence   resu l t s   in  

s t ronger   convec t ive   ac t iv i ty .   This   can   be   seen   a long   bo th   the   co ld  and 

warm f ronta l   zones ,  and wi th in   the  low located  over  the  southeast  U.S. 

a t  both  1800 GMT and 0600 GMT. Both  Ostby  (1975) aqd  Charba  (1975) a l s o  

found surface  moisture   divergence  to   be  an  excel lent   parameter   for   use 

in   sho r t - r ange   fo recas t ing  o f  severe  weather. 

Figures  28 through 35  show the   vec tor  wind  and d i v e r g e n c e   f i e l d s   a t  

850, 700, 500, and 300 mb a t  1800 GMT and 0600 GMT. I n   F ig .  28, winds.  

a t  850 mb > 40 k t s  were associated  with  the two cyclones a t  both times, 

and a t  0600 GMT souther ly   y inds  > 40 k t s  were associated  with  the 

developing  lee-side low. However, no cons i s t en t   co r re l a t ion  seemed t o  

e x i s t  between pa r t i cu la r   va lues  of wind speed and convection a t  850 mb 

s ince   convec t ive   ac t iv i ty  was loca ted   i n   bo th   s t rong  and weak wind speed 

a reas .   In   con t r a s t ,   convec t ive   ac t iv i ty  and par t icular ly   thunderstorms 

consis tent ly   occurred  in   areas   where  the 850-mb wind f i e l d  was conver- 

gent  (Fig.  29),  while  stronger  areas  of  convergence  tended  to be 

associated  with  s t ronger   convect ive  act ivi ty .   This  was p a r t i c u l a r l y  

t rue  ahead of   the   co ld   f ront   in   the  M i s s i s s i p p i  Valley and wi th in   the  

low over   the  southeast  U.S. a t  both  1800 GMT and 0600 GMT. 

A t  700 mb, the wind and i so tach   ana lyses   in   F ig .  30 again showed 

poor c o r r e l a t i o n  between par t icu lar   va lues   o f  wind speed and convective 

a c t i v i t y .  Wind speeds > 40 k t s  were associated  with two cyclones a t  

1800 and 0600 GMT but  convection was located  both  within  the  s t rong wind 

areas ,   as   in   the   cyc lone   over   the   southeas t  U.S.,  and i n  weak wind areas ,  

as  over  Arkansas a t  1800 GMT and i n   s o u t h e r n   I l l i n o i s   a t  0600 GMT. The 

divergence  analyses  of  the 700-mb wind (Fig. 31) showed  no cons i s t en t  

co r re l a t ion  between  convective  activity and convergent   or   divergent  

wind f i e l d s .  Even though  strong  convection  tended  to  be  located i n   a r e a s  

where  the 700-mb wind  was convergent,   as  over  the  southeast  U.S., convec- 

t i o n  was sometimes l o c a t e d   i n  a divergent  wind f ie ld   as   over   Arkansas ,  
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Fig 



(a )  1800 GMT, 11 May 1974.  

55 

(b) 0600 GMT, 12  May 1974. 

Fig.  29. Wind divergence  analyses ( w 5  s-l) a t  850 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 
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(a )  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12 May 1974.  

Fig. 30. Wind and i s o t a c h   a n a l y s e s   ( k t s )   a t  700 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 



(a )  1800 GMT, 11 May 1974. 
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(b)  0600 GMT, 12 May 1974. 

Fig. 31.  Wind divergence  analyses (10-5 s-l) a t  700 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and rada.r-observed  convection). 
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(a )  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12  May 1974. 

Fig. 32. Wind and i s o t a c h   a n a l y s e s   ( k t s )   a t  500 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 

. .. .. - . . _ ... _. . . - .... .. ._ .. ._ - - . . . _. . . ._ ." . . . . . . . .. . ." ._ . ._ . . . - . . . . _. . . . ._ . . - .. ..  .. . . . . . . . . - . . - . . . ... _ .... . . . . . - 



(a) 1800 GMT, 11 May 1974 .  
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(b) 0600 GMT, 12 May 1 9 7 4 .  

Fig. 33. Wind divergence  analyses s-l) a t  500 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 

I 
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(a) 1800 GMT, 11 May 1 9 7 4 .  

(b) 0600 GMT, 12  May 1 9 7 4 .  

Fig. 34 .  Wind and i so t ach   ana lyses   (k t s )   a t  300 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convections). 



(a) 1800 GMT, 11 May 1974. 
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(b) 0600 GMT, 12 May 1974. 

Fig. 35. Wind divergence  analys.es (LOm5 s'l) a t  300 mb. 
(Superimposed are  surface  frontal  positions 
and radar-observed convection). 
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Flor ida,  and the  Carolinas a t  1800 GMT and i n   s o u t h e r n   I l l i n o i s   a t  0600 

GMT . 
The wind and i s o t a c h   a n a l y s e s   a t  500 mb and  300 mb i n   F i g .  32 and 

34 show  two well-defined je ts  a t  both times assoc ia ted   wi th   the   po lar  

f r o n t   i n   t h e  M i s s i s s i p p i  Valley and cyclone  over  the  s0utheastU.S. 

Again,   poor   correlat ion  exis ts   between  values  of wind speed and a reas  

of  convectfon. However, the  wind divergence  analyses  (Figs.  33  and 35) 

fo r   t he  500- and  300-mb l eve l s  show the wind f i e ld   t o   gene ra l ly   be  

divergent  over  areas  of  convection.  Well-defined  divergent  areas  existed 

a t  both 300 and 500 mb along  the  cold  f rontal  zone and over  the  south- 

e a s t  U.S. cyclone a t  1800 GMT; thunderstorms were loca ted   i n   bo th   o f  

these   a reas .  A t  0600 GMT, the wind f i e l d  became convergent a t  500 mb 

along  the  cold  f rontal  zone and only a small   area  of  convection was 

loca ted   i n   sou the rn   I l l i no i s ,   wh i l e   s t rong   d ive rgence  a t  both  500 and 

300 mb was assoc ia ted   wi th   the   squa l l   l ine   over   the   southeas t  U.S. 

I n  summary, convection  occurred  where  velocity  convergence was 

p resen t   i n   t he  lower  troposphere and i n   t h e  boundary  layer and upper- 

tropospheric  divergence was present.  Stronger  low-level  convergence 

and upper-level  divergence was associated  with  the  s t ronger   convect ion 

a reas ,   par t icu lar ly   over   the   southeas t  U.S. 

Vert ical   motion  f ie lds ,   calculated  using E q .  15 ,   a re  shown i n   F i g s .  

36 through 38 f o r  850, 700 and 500 mb, respect ively.   In   Fig.   36,  con- 

vec t ion  was usua l ly   p resent   in   a reas  where upward v e r t i c a l  motion 

occurred a t   t he   t op   o f   t he  boundary l aye r  (850 mb) although some shower 

a c t i v i t y   e x i s t e d   i n   a r e a s   o f   s u b s i d e n c e   a t  850 mb wi th in   t he   co ld   a i r  

in   the   nor thern   P la ins   S ta tes .   S t ronger   a reas   o f   convec t ion   a l so  

co r re l a t ed   we l l   i n   space   w i th   cen te r s  of upward v e r t i c a l  motion a t  both 

time  periods  both  along  the  frontal  zones and over   the  southeast  U.S. 

In   F igs .  37 and 38,  thunderstorms  generally  occurred  in  regions of 

upward v e r t i c a l  motion a t  700 and 500 mb b u t   i n   c e r t a i n   a r e a s   s u c h   a s   i n  

c e n t r a l  Arkansas a t  1800 GMT, and i n   s o u t h e a s t   I n d i a n a ' a t  0600 GMT, 

subsidence was c a l c u l a t e d   a t   b o t h   l e v e l s  and thunderstorm  act ivi ty  was 

present.  Therefore, i t  appears   that  upward v e r t i c a l   v e l o c i t y   a t   t h e s e  

l eve l s  i s  not  a necessary  condi t ion  for   the  formation and maintenance 

of convec t ive   ac t iv i ty .   In   cont ras t ,   s t rong   convec t ion   cons is ten t ly  



( a )  1800 GMT, 11 May 1 9 7 4 .  
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(b) 0600 GMT, 12 May 1 9 7 4 .  

Fig. 3 6 .  Vert ica l   ve loc i ty   (pbar  s'l) analyses  a t  850 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 

"_ - . . . .. . . . . . " . _. - .. . . . . . . 
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(a )  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12  May 1974. 

Fig.  37.  Ver t i ca l   ve loc i ty   (pba r  s-l) analyses a t  700 mb. 
(Superimposed a r e   s u r f a c e   f r o n t a l   p o s i t i o n s  
and radar-observed  convection). 
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(a)  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12 May 1974. 

Fig. 38. Vert ica l   ve loc i ty   (pbar  s-l) analyses  at 500 mb. 
(Superimposed a re   su r f ace   f ron ta l  positions 
and radar-observed  convection). 
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occur red   i n  areas where  strong upward ver t ical   motion  extended from the 

surface  up  through  the  entire  lower and middle  troposphere  as was the 

case  over   the  southeast  U.S. throughout  the AVE I1 experiment  where 

upward ver t ica l   ve loc i ty   exceeding  6 ubar was cons is ten t ly   occur r ing  

i n   t h e  heavy  convection  area. 

Figure 39 shows th ree   ve r t i ca l   p ro f i l e s   o f   ve r t i ca l   mo t ion   i n   a r eas  

of  convection computed f o r   t h e   c e n t e r  of four   surrounding  gr id   points  

by averaging   the   four   ver t ica l   mot ion   gr id   va lues   a t  a given  level .  

P ro f i l e s  A and B were computed a t  1800 GMT a t   t h e   l o c a t i o n s  marked i n  

Fig. 9, wh i l e   p ro f i l e  C was taken a t  0600 GMT a t  the   loca t ion  marked i n  

Fig. 10. P ro f i l e  A was associated  with  only  moderate   convect ive  act ivi ty  

wi th  maximum MDR = 4 .  Weak upward ver t ical   motion  not   exceeding 1 pbar 

s - 1  exis ted  from the  surface  up  to  700 mb with  subsidence from 700 mb 

up t o  100 mb reaching a maximum value  of  about 2 pbar  s-l a t  500 mb. 

P ro f i l e  B was t aken   i n   an  area of  extensive  areal  coverage  of  heavy 

thunderstorm  activity  where  average MDR = 6.  This   p rof i le  shows upward 

ver t ica l   ve loc i ty   th roughout   the   en t i re   a tmosphere   wi th  a very  s t rong 

value  exceeding -8 ubar  s-' i n   t h e  middle  troposphere,  but a s t rong 

dec rease   i n  magnitude  of  the  vertical   motion  occurs  in  the  upper  levels.  

P ro f i l e  C w a s  taken  in  an  area  of  very  strong  convection  where 

maximum tops  exceeded 55,000 f t  and some MDR va.lues were equal   to   8 .  

In   t h i s   ca se   s t rong  upward v e r t i c a l  motion  generally  exceeding -4 pbar 

s-' was computed from 900 mb up  to  350 mb wi th  a maximum value  of 

-6 pbar  s-l  found in   the  mid-troposphere.  

These p ro f i l e s   sugges t   t ha t  upward v e r t i c a l  motion i n   t h e  boundary 

layer  seems to  be a necessary  condi t ion  for   the  formation  of   convect ion 

(Endlich and Mancuso, 1968).  Moreover,  strong upward v e r t i c a l  motion 

throughout  the  entire  troposphere seems to  be  associated  with  heavy  or  

severe  convection. 

Figure 40 shows the  objective  analyses  of  boundary  layer  moisture 

divergence a t  1800 GMT and 0600 GMT. An e v e n   b e t t e r   s p a t i a l   c o r r e l a t i o n  

exis ted  between  high  negat ive  values   of   this   parameter  and areas   o f  

convection  than was observed  between  boundary  layer  vertical  motion and 

convection.  Subsynoptic  scale  centers  of DMBL wi th in   t he   f i e ld  tended 

t o   b e t t e r   d e l i n e a t e   p a r t i c u l a r  areas i n  which  stronger  negative  values 
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(a)  1800 GMT, 11 May 1974. 

(b) 0600 GMT, 12 May 1974. 

Fig. 40. Boundary l a  e r  moisture  divergence 
O K  s-l) analyses .  (Superimposed 

a re   su r f ace   f ron ta l   pos i t i ons  and 
radar-observed  convection). 
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were  associated  with  stronger  thunderstorm  activity and s t rong   pos i t ive  

areas  contained no convection. This was p a r t i c u l a r l y   t r u e   a t   b o t h  t i m e  

periods  along  the  frontal   zones and over   the  southeast  U.S. where  con- 

vect ion was located  within  an  area of extremely  large DmL values.  

I n   a d d i t i o n ,   a t  1800 GMT, the  boundary  layer  vertical   motion  f ield 

showed subsidence  associated  with  the shower a c t i v i t y   i n   t h e   n o r t h e r n  

Plains   States   while   the hL f i e l d  showed a small tongue  of  negative 

va lues   i n   t he  shower area.  

. .  

Therefore,  the combined ef fec ts   o f   bo th  wind convergence  within a 

moist   environment  in  the  boundary  layer and posi t ive  moisture   advect ion 

within  the  boundary  layer seem to   re la te   ex t remely  w e l l  t o   t h e   s p a t i a l  

dis t r ibut ion  of   observed  convect ion.  Also larger   negat ive  values   of  

DMBL appear  to be re la ted   to   the   s t ronger   in tens i ty   o f   convec t ion .  

4 .  Space cross  sections  soundings 

Four v e r t i c a l   c r o s s   s e c t i o n   a t   b o t h  1800 GMT and 0600 GMT a r e  

shown i n   F i g s .  41 through 48 along  the  l ines  marked WX and YZ i n  

Figs. 9 and 10. Two cross  sections  were  analyzed  along  each  l ine,  one 

conta in ing   the   thermal   f ie ld ,   f ron ta l   s t ruc ture ,  and i so t ach   ana lys i s .  

The o the r   con ta ins   t he   ve r t i ca l   ve loc i ty   f i e lds   ca l cu la t ed  from E q s .  

18 and 1 9  superimposed  upon  the  frontal  structures  with  the  observed 

convect ion  in   each  cross   sect ion marked along  the  bottom. 

The WX c ross   sec t ions   a t   bo th   t imes  show strong,  well  defined  cold 

and warm frontal   zones,   tropopause,  and p o l a r   j e t   c e n t e r s .  These c ross  

sect ions  were  constructed  pr imari ly   to   determine  the  re la t ionships  

between  the  cold and warm f ronta l   zones ,   the   ver t ica l   mot ion   f ie lds ,  

and the  observed  convection. 

The v e r t i c a l  motion  f ields  along  the WX l i n e s   a t   b o t h  1800 GMT and 

0600 GMT show severa l   s imi la r i t i es   re la t ive   to   the   observed   convec t ion .  

Strong upward motion  occurred  just  ahead or along  the  cold  frontal  

zones  over  the  northeast U.S. a t  both  times and convection  existed 

there   a l so .  No convection was observed  within  the  subsidence computed 

behind  the  cold  f ronts   or   ahead  of   the  cold  f ront   a t  1800 GMT. 

A t  0600 GMT the  presence  of a subsynoptic-scale  system was observed 

a s  i t  moved wi th in   the   co ld   a i r   behind   the   co ld   f ront   in   the   nor thern  

P la ins   S ta tes .  This weak system was associated  with a lower 
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t ropospheric  j e t  maximum, a fa i r ly   s t rong   cool ing   t rend   behind   the  

system, and  a zone o f  upward ve r t i ca l   mo t ion   t ha t  was apparent ly   only 

a b l e   t o  produce weak s t r a t i fo rm- type   p rec ip i t a t ion  and a  few showers. 

The cross   sec t ions   a long   the  YZ l i n e s   a t   b o t h  times were constructecl 

p r imar i ly   t o  examine t h e   v e r t i c a l   s t r u c t u r e   o f   t h e   s o u t h e a s t  U.S. 

cyclone and i t s  associated  convection. The cold   f ronta l   zones   a t   bo th  

times a re   r e l a t ive ly   sha l low and a t  0600 GMT the   sur face   posf t ion   o f   the  

f r o n t  i s  breaking  up in   the  southeastern  Arkansas   area.   Fair ly   s t rong 

low- to   middle- leve l  j e t s  were associated  with  the  cyclone  which had an 

almost   ver t ical   s t ructure   throughout   the  experiment .  

Very strong  zones  of upward v e r t i c a l  motion  extending  to  the  top  of 

the  troposphere  were computed to   t he  east  and northeast   of   the   cyclone 

and strong  convection was observed  within  these  zones.   In   addi t ion,  

s t rong  subsidence  occurred  on  both  s ides   of   the   cyclone and behind  the 

cold  fronts  where no convect ion  exis ted.  Upward v e r t i c a l  motion was 

computed from the   sur face   up   to  450 mb along  the  cold  front a t  1800 GMT 

and convection was present .  But a t  0600 GMT, subsidence  occurred  from 

the  surface up to  700 mb where upward motion  existed  up  to 100 mb but  

convection was not   present ,   indicat ing  again  the  importance  of  upward 

v e r t i c a l  motion i n  the boundary layer   in   the   format ion   of   convec t ion .  

Convection  also was not   p resent   wi th in   the  upward motion i n   t h e  

developing lee s i d e  low i n   w e s t e r n  Kansas  where r e l a t i v e l y   d r y   a i r  was 

present .  

The effects   of   ver t ical   motion  a long  the  cold and warm f r o n t s  and 

wi th in   the   southeas t  U.S. cyclone upon the   ver t ica l   soundings   o f  t e m -  

perature  and moisture were s tudied  using 3-h consecut ive  soundings  in  

areas  of  convection. 

Figure 49 shows the 3-h  soundings a t  Monett,  Missouri a t  1200, 1500, 

and 1800 GMT on 11 May 1974. The e f fec ts   o f   the   co ld   f ronta l   passage   a t  

1700 GMT upon the  sounding a t  1800 GMT can  be  seen by the zone  of 

s a t u r a t i o n  between 850 mb and 750 mb i n  which  the  temperature  lapse  rate 

approaches  the  dry  adiabat ic   lapse  ra te .  The wind f i e l d   a l s o   s h i f t s  

from  west-southwest a t  1200 and 1500 GMT to   no r thwes t   a t  1800 GMT 

behind  the  front.  Any l i f t e d   a i r   p a r c e l   w i t h i n   t h e   s a t u r a t e d  zone a t  

1800 GMT would follow a sa tu ra t ed   ad iaba t i c  and would  be warmer than  the 
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surrounding  environment. A s  a resul t ,   towering cumulus and radar- 

observed  convection  with  tops  up  to  29,000 f t  were observed i n   t h e  

v i c i n i t y   o f  Monett a t  1800 GMT. '\ 

Strong  convection a t  0600 GMT a t  Washington, D.C. was apparent ly  
j " t he   r e su l t   o f   s t rong  upward ver t ical   motion  on  top  of   the warm f r o n t a l  

I su r face   wi th in  a highly  convect ively  unstable   layer .   Figure  50 shows 
'I the 3-h consecutive  soundings a t  0000 GMT, 0300 GMT, and 0600 GMT on 

I 
i 

mi 
12 May 1974 f o r  Washington, D.C. The warm f ron ta l   su r f ace  was located 

around 900 mb a t   a l l   t h r e e  times where a f ron ta l   i nve r s ion  was  Located; 

the  southeast   winds  below  the  inversion  support   this  posit ion.  A s t rong 

invers ion ,  above  which  dry a i r  was present ,  capped the  re lease  of  

i n s t a b i l i t y  from t h e   s a t u r a t e d   a i r  below a t  0000 GMT and 0300 GMT, bu t  

s t rong  upward v e r t i c a l  motion was appa ren t ly   r e spons ib l e ,   i n   pa r t ,   f o r  

the  rapid removal of  the  inversion  through  adiabat ic   cool ing by 0600 GMT. 

A t  t h i s  t i m e ,  the   ent i re   sounding was near ly   sa tura ted  and l aye r s   o f   a i r  

a t  700 and 600 mb were completely  unstable  with  respect  to  parcel 

displacement. A s  a r e s u l t ,  a spec ia l   su r f ace   obse rva t ion   a t  Washington 

D.C.  a t  0635 GMT reported a heavy  thunderstorm a t   t h e   s t a t i o n  and 

maximum radar  tops  exceeded 40,000 f t  over  the  Washington  area a t   t h a t  

t i rne  . 
Final ly ,   the   consecut ive 3-h  soundings a t  Tampa, F l o r i d a ,   a t  0600, 

0 9 0 0 ,  and 1200 GMT on 1 2  May 1 9 7 4  a r e  shown i n   F i g .  51. A l i ne   o f  

heavy  thunderstorms  with  tops  up  to 58,000 f t  was observed j u s t   n o r t h -  

west of Tampa dur ing   t h i s  time period and  which had moved to   about  

100 km northwest  of  the  station a t  1200 GMT. In   th i s   sys tem,  no f r o n t s  

were de tec t ab le  so tha t   ver t ica l   mot ion   here  was pure ly   the   resu l t   o f  

strong  low-level  convergence  ahead and within  the  Southeast  U.S. cyclone. 

The three  soundings a t  Tampa resemble  closely  the Type I Tornado 

sounding  described by Miller ( 1 9 6 7 )  i n  which  low-level,  high-energy a i r  

nea r   s a tu ra t ion  i s  capped  by an  inversion  between 800 and 700 mb.  By 

1200 GMT the  inversion had apparent ly   been   l i f ted  from the 850-mb l eve l  

a t  0600 GMT to   about  750 mb and the   unde r ly ing   a i r  was very  near   sat-  

u ra t ion .  Continued l i f t i n g   o f   t h e   i n v e r s i o n  and the   resu l t ing   d ry-  

ad iaba t i c   coo l ing   o f   t he   a i r  above i t  would r e s u l t   i n   t h e  removal  of the 

inversion so t h a t   s a t u r a t i o n   i n   t h e   a i r  below would re lease   the   l a rge  
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Temperature ( " C )  

( c )  1200 GMT, 12 May 1974. 

Fig. 51. (Continued) 
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p o t e n t i a l   i n s t a b i l i t y  and r e su l t   i n   s eve re   convec t ion .  

b. I n t e r r e l a t i o n s h i p s  between  selected  parameters and conve c t ive  - 
From the   r e l a t ionsh ips  between  synoptic-scale  parameters and 

observed  convection  previously  determined, i t  was c l e a r   t h a t   t h e   s p a t i a l  

d i s t r i b u t i o n   o f  one par t icular   parameter  was not  completely  accurate 

in   ou t l i n ing   a l l   a r eas   o f   convec t ion .  

1. Po ten t i a l   i n s t ab i l i t y   ve r t i ca l   mo t ion  

Physically,   an  accurate measurement of p o t e n t i a l   i n s t a b i l i t y   i n  

combination  with  the  relea&ng mechanism  (upward ver t ical   motion) ,   should 

accurately  del ineate   areas   of   convect ion.  A s  s t a t e d   e a r l i e r ,   o t h e r  

authors   a lso  have found  upward ver t ical   motion  in   the  lower  t roposphere 

and potent ia l   ins tabi l i ty   as   important   parameters   in   the  formation  of  

convection. 

To examine the   r e l a t ionsh ip  between  these two parameters and con- 

vect ion,   the  T T I  was used a s  an   i nd ica to r   o f   a i r  mass s t a b i l i t y .  

Vertical  motion  in  the  lower  troposphere  (below 600 mb) was calculated 

on  the 308°K isen t ropic   sur face  by considering  the  average movement of 

the  surface  over  a 3-h  per iod  as   wel l   as   the  a i r   motion  up  or  down the 

surface  (Overall  and Scoggins, 1975). For a l l   n i n e  time  periods of the 

experiment,   radar  areas  of  convection  were compared with  the TTI  and 

v e r t i c a l  motion f i e l d s  and the   r e su l t s   a r e  shown in   F ig .  52.  Since  the 

v e r t i c a l  motion and T T I  f ie lds   were  object ively  calculated  on a g r id  

with  spacing  of  about 160 km, radar  observations  of  convection  were 

associated  with  gr id   points   i f   an  echo was observed  within 80 km of 

the  gr id   point .  

Figure 52 shows that   the   probabi l i ty   of   convect ion  increases   with 

T T I  values up to  about  50,   then  decreases  for  higher  values.  Also, the 

probabili ty  of  convection i s  g r e a t e r  by a f a c t o r  of 4 when v e r t i c a l  

motion i s  posit ive  rather  than  negative.   Moreover,  when ver t ical   motion 

< -2  cm s-' the  probabili ty  of  convection i s  very  small ,   regardless  of 

s t a b i l i t y .  

The l imited  usefulness   of   s tabi l i ty   indexes,  when used  alone  to 

determine  the  presence  of  convection, i s  i l l u s t r a t e d   i n   F i g .   5 2 .  

When condi t ions  are   most   favorable   for   convect ion,   use   of   the  TTI  
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80% I 
/ Total  Totals \ / Index Only 2 \  

\ 
/ . 

L 20 20-30 30-40 40-50 50-GO 
Total   Totals  Index I n t e r v a l s  

'Data from AVE 11) 

Fig. 52. Relationship  between T T I  and v e r t i c a l  motion 
on 308°K potent ia l   temperature   surface and 
radar-observed  convective  activity.  

a lone  correct ly   indicates   the  presence of  convection  in  only  about 50% 

of   the  cases .   But ,   th is   percentage  var ies  between 20 and  80  by consider- 

a t ion   o f   on ly   the   s ign  of ver t ica l   mot ion ,  and th i s   r ange  i s  f u r t h e r  

increased when the  magnitude  of  vertical   motion is  considered. 

The decrease  in   the  probabi l i ty   of   convect ion  with  increasing TTI  

> 50,   regardless   of   the   s ign and magnitude  of ver t ica l   mot ion ,  i s  most 

l i k e l y  due t o   t h e   i n t e r a c t i o n  of systems of d i f f e r e n t   s c a l e  and the 

r a p i d i t y  and ex ten t  of v e r t i c a l  mixing when the  atmosphere i s  highly 

poten t ia l ly   uns tab le .  A typ ica l   sounding   in  a high T T I  area was s imi l a r  

to   the  Type I tornado  sounding  (Miller, 1967)  wi th  a strong  subsidence 

inversion  between 850  and 700 mb capping  the  moist ,   potent ia l ly   unstable  

a i r  below the  inversion,  and a near ly   dry-adiabat ic   lapse rate above to  

about  500 mb creat ing  the  large  difference  in   temperature   between 850  and 

500 mb. While only  the  presence  of  convection and not  i t s  i n t e n s i t y  was 
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considered  here,   observations i n  AVE I1 i nd ica t e   t ha t   gene ra l ly   t he  

heights   of   the   tops of convective  clouds and the i r   s eve r i ty   con t inue  

to   increase   wi th   h igher  T T I  values   but   the   areal   coverage i s  reduced. 

2.  P o t e n t i a l   i n s t a b i l i t y ,   a v e r a g e  boundary  laLer  relative 

humidity, & combined surface  boundary  layer 

moisture  convergence 

By combining pa r t i cu la r   va lues  of  synoptic-scale  parameters  that  

correlated  best   in   space  with  observed  convect ion,  i t  was possible   to  

g raph ica l ly   ou t l i ne   a r eas  which  contained  convective  activity.  

Previously i t  was shown that  convection  tended  to  occur  where 
- 
RHSFC - 850 mb 
co r re l a t ion   w i th   convec t ion   t han   c r i t i ca l   va lues   o f  LI and TTI.  

Moreover,  negative  values of both  surface and boundary  layer  moisture 

divergence  correlated  wel l   wi th   convect ive  act ivi ty .  

2 70%. Also, K I  2 22 were shown t o  have a b e t t e r  

Figure 5 3  shows t h e   r e l a t i o n  between  graphically  determined  areas 

of  the  above  parameters and c o n v e c t i v e   a c t i v i t y   a t  1800 GMT and 0600 

GWT. The l i g h t  shaded regions  are   the  areas   where K I  2 22, RHSFC -850 mb 

2 70%, and e i t h e r   s u r f a c e   o r  boundary  layer  moisture  divergence was 

negat ive . 

- 

This  technique was p a r t i c u l a r l y   s u c c e s s f u l   i n   o u t l i n i n g   a r e a s  where 

MDR 2 4 and thunderstorms  were  likely  while some small   areas  of shower 

act ivi ty ,   especial ly   behind  the  cold  f ront ,   were  not   accurately 

del ineated.   Therefore ,  i t  appears  that  thunderstorms  form  within  the 

l a rge   s ca l e   synop t i c   f i e ld   i n   a r eas  where  the  boundary  layer i s  moist, 

the low and middle  troposphere i s  po ten t i a l ly  and convect ively  unstable  , 
and  wind  convergence and posi t ive  moisture   advect ion i s  occurr ing  within 

the  boundary  layer. 

c .   Var i ab i l i t y  of parameters   associated  with  convect ive  act ivi ty  

Previous  sections  have  established  the  parameters  or  combinations  of 

parameters  that   correlated  best   with  areas  of  convection. The three-di-  

mensional   dis t r ibut ion  of   the  parameters   then  const i tutes   the  a tmospheric  

structure  in  convective  storm  areas.  Since  normal  rawinsonde  measure- 

ments a r e  made a t  12-h   in te rva ls ,   fo recas ts  of convection  are  based  upon 

expected  changes in   the  synopt ic-scale   s t ructure .   Therefore ,  knowledge 
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( a )  1800 GKC, 11 May 1974. 

(b) 0600 GMT, 1 2  May 1974. 

Fig. 53. Graphically  determined  f ields  (shaded  areas) of 

mSFC- 850 mb d i v e r g e n c e   e i t h e r   a t   t h e   s u r f a c e   o r   i n   t h e  boundary 
layer .  (Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 

> 7077, K I  > 22,  and negat ive  moisture  
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o f   t h e   v a r i a b i l i t y  of parameters   associated  with  a tmospheric   s t ructure  

in   a reas   o f   convec t ion   over   per iods   shor te r   than  12  h i s  e s s e n t i a l   f o r  

good forecas t ing .  Both t h e   v a r i a b i l i t y  of the   l a rge-sca le   synopt ic  

s t r u c t u r e  and subsynopt ic-scale   features  were examined i n  th i s   s tudy .  

1. Char t s   a t  3-h i n t e r v a l s  

The previous  relationship  between  synoptic-scale  parameters and 

convection was es tab l i shed   us ing  two t i m e  periods,  1800 GMT and 0600 

G"T, which are   separated by the  normal  12-h  time  interval.  In  comparing 

the movements of  both  the  large-scale  synoptic  structure  ( lows,  highs,  

and frontal   zones)  and the  subsynopt ic-scale   features ,  i t  i s  c l e a r   t h a t  

large  changes  in  parameters  associated  with  convection  occurred  during 

the  12-h  period. The AVE I1 3-h  .rawinsonde  data was  used t o   e s t a b l i s h  

t h e   v a r i a b i l i t y  and s t ructure   of   par t icular   synopt ic-scale   parameters  

between  the two times  of  1800 GMT and 0600 GMT. 

Figures  54  through  57 show the   f ie lds   o f   m850 - 700 mby K I ,  DMBL, 

and v e r t i c a l  motion a t  700 mb a t  3-h i n t e r v a l s   f o r  2100 GMT, 11 May 

1974, and 0000 GMT and 0300 GMT, 12 May 1974.  These char t s   g ive  a 

qua l i t a t ive   e s t ima te  of t h e   v a r i a b i l i t y  of parameters   that   correlated 

well   with  convection  over  periods from 3 to  12 h .   In   pa r t i cu la r ,   t he  

3-h cha r t s  show the   cons is ten t  movement of many subsynoptic-scale 

fea tures   o f   h igh   humidi ty ,   po ten t ia l   ins tab i l i ty ,   nega t ive  DMBL and 

upward v e r t i c a l  motion a t  700 mb tha t   cor re la ted   wel l   wi th   the   observed  

convection. The development and  movement of   these  smaller   features  

he lp   expla in   the   very   d i f fe ren t   pa t te rns  and locations  of  convection 

t h a t  were  observed a t  1800 GMT and 0600 GMT. This i s  e s p e c i a l l y   t r u e  

along  the  frontal  zones  where  convection had almost  disappeared by 0600 

GMT, and over  the  southeast  U.S. where a s t rong   l i ne  of  thunderstorms 

developed a t  0600 GMT. In   addi t ion,   the   t ime and space  cont inui ty   of  

many of   the  subsynopt ic-scale   features   or   centers  from  one  3-h  period to  

the   next   g ives   c red ib i l i ty   to   the   theory   tha t   these   fea tures   a re  impor- 

t a n t   i n   t h e   d e l i n e a t i o n  and forecasting  of  convective  systems. 

2.  3-h and 12-h  changes i n  T T I  

Object ively  analyzed  f ie lds   of   the  T T I  a t  1200 GMT and 1500 GMT 
"- 

on 11 May, and 0000 GMT on 12 May 1974 are  presented  in  Fig.  58.  Areas 

of  convection a t   these   t imes   a re   ind ica ted  by the  darker  shading on each 
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(a)  2100 GMT, 11 May 1 9 7 4 .  

Fig. 5 4 .  Analyses  of  average  relative  humidity 
between 850 mb and 700 mb a t   consecu t ive  
3-h i n t e r v a l s .  (Superimposed are   sur face  
f ron ta l   pos i t i ons  and radar-observed 
convection  with @I > 60% l i g h t l y  
shaded). 

850- 700 

91 
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(c)  0300 GMT, 12 May 1 9 7 4 .  

Fig. 5 4 .  (Continued) 
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Fig. 55. Analyses  of.  the K I  a t  consecutive 
3-h i n t e r v a l s .  (Superimposed a r e  
su r face   f ron ta l   pos i t i ons  and radar- 
observed  convection  with KI values  
> 20 l igh t ly   shaded) .  
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md ::I7 

(b) 0000 Gm, 12 May 1974. 

Fig. 55. (Continued) 
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( a )  2100 GMT, 11 May 1974. 

Fig. 56. Analyses of  boundary  layer  moisture 
divergence OK s-') a t  consecutive 
3-h i n t e r v a l s .  (Superimposed a r e  
su r face   f ron ta l   pos i t i ons  and radar- 
observed  convection). 

I 
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(b) 0000 GMT, 12 May 1974. 



(a) 2100 GMT, 11 May 1974 .  

Fig. 57.  Analyses o f  ve r t i ca l   ve loc i ty   (pba r  s-l) a t  
consecutive 3-h i n t e r v a l s   a t  700 mb. 
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons  
and radar-observed  convection). 

97 

I 
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(b )  0000 GMT, 12 May 1974. 

(c) 0300 GMT, 12 May 1974.  

Fig. 57. (Continued) 

. ... . 
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... ... .. .*.’. .. 
Una table lTI 5 45 

Intensity 
Valuea 2 2 

( a )  1200 GMT, 11 May 1974. 

... ... .. 

. . .  .. .. 
Unstable TTI 245 

VIP U d a r  
Intens i ty  
Values 2 2 

(b) 1500 GMT, 11 May 1974. 

Fig. 58. Object ively  analyzed  f ie lds   of  T T I .  
(Superimposed a re   su r f ace   f ron ta l   pos i t i ons ) .  

I 
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... .. ... .. ’.’.. 
Unstable TTIZ 45 

VIP Radar 
Intens i ty  
Values2 2 

(c)  0000 GMT, 12  May 1974. 

Fig. 5 8 .  (Continued) 

char t ,  and were  determined  from d i g i t a l   r a d a r   d a t a   i n  which MDR 2 2 .  

Unstable  areas  where T T I  2 45 are   ind ica ted  by the   l igh ter   shading .  

To compare the  changes i n   s t a b i l i t y   t h a t   o c c u r   o v e r  3- and 12-h 

time  periods,  Fig. 5 9  shows object ively-analyzed  f ie lds   of  3- and 12-h 

changes i n  T T I  that  were computed from the TTI  f i e l d s   i n   F i g .  5 8 .  

Areas  of  convection and f ronta l   pos i t ions   appear  on  each  time  change 

cha r t   fo r   t he  end of  the  time  period. 

While  the  magnitude  of  the  largest  change i n  T T I  values  over  the 

12-h  period  ,exceeded  that  of  the  3-h  period,  the  general  spatial d i s t r i -  

bution  of  the 3-h  changes was s imilar   to   that   observed  over   the  12-h 

per iod.   In   addi t ion,   wel l -def ined  centers   of   increasing o r  decreasing 
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( a )  3-h  change  between 1200 GMT and 
1500 GMT, 11 May 1974. 

+5 

(b)  12-h  change  between 1200 GMT, 11 May 
and 0000 GMT, 12 May 1974. 

Fig.  59, T ime  changes i n  T T I  determined  from  charts 
i n   F i g .  58. (Superimposed are s u r f a c e   f r o n t a l  
pos i t i ons   fo r   t he  end o f   t he  time  change  period). 
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s t a b f l i t y   a p p e a r   i n   t h e   f i e l d s  w i t h  the  magnitude  of some 3-h  changes 

exceeding  the  12-h  changes.  These  large  changes i n  T T I  values   over   the 

3-h per iod   ind ica te   the   ex t reme  var iab i l i ty  of the  atmosphere  not 

measured  with  12-h  rawinsonde  data. Also, the   wel l -def ined  centers  of 

s t a b i l i t y  change,  along  with  the  observed  convection,  suggest  the 

presence  of  subsynoptic-scale  features o r  systems, moving wi th in   the  

l a rge - sca l e   synop t i c   f i e ld ,   t ha t   c r ea t e   t he   l a rge   va r i ab i l i t y   ove r  a 

period  of 3 h. 

3. Variab i l i ty   o f  some basic  synoptic-scale  parameters  over 

- - - “- 3, 6,  9, and 12  h 

To measure  the v a r i a b i l i t y   o f  some basic  rawinsonde  parameters  over 

a l l   the   n ine   t ime  per iods   o f  AVE 11, cumulative  frequency  distributions 

of changes in  these  parameters  were computed  and p lo t t ed   fo r   i n t e rva l s  of 

3, 6,  9 ,  and 1 2  h. An example   o f   the   resu l t s   for   s tab i l i ty  measurement 

i s  shown in   F ig .  60 using  the TTI. 

% 
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Fig. 60. Cumulative  frequency  distributions of 
changes i n  TTI i n  AVE 11. 
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The cumulative  frequency  distributions  were computed from the 

nine  object ively  analyzed  f ie lds   of  a par t icular   parameter  by ca l -  

cu la t ing   a l l   poss ib le   combina t ions  of 3-, 6 - ,  9-, and  12-h  change 

f i e l d s .  Then gr id   point   values   in   the  t ime  change  f ie lds   were  used 

t o  compute each  cumulative  frequency  distribution. 

The two sets of  four  curves  give  the  probabili ty  of  occurrence  for 

e i t h e r  a certain  magnitude  change  (upper  curves).   or a plus-or-minus 

change  (lower  curves)  for  the 3-, 6 - ,  9-, and 12-h  time in t e rva l s .  Both 

sets of curves   i nd ica t e   t ha t ,   f o r   a l l   p robab i l i t y   va lues ,  more than 50% 

of   the   to ta l   changes   in  TTI  values  occurred  during a 3-h in te rva l   whi le  

the  largest   changes s t i l l  exis ted  over  a 12-h  period.  For  example,  during 

AVE II,10%  of  the  magnitude  changes  in T T I  exceeded  10  index  values  over 

a 3-h period  while 10% of  the  magnitude  changes  exceeded  only 1 6  index 

values  over a 12-h period.  Therefore,  almost 2 / 3  of  the  change  occurred 

over a 3-h period.  In  addition,  the  lower  curves show that  approximately 

60% of  the  changes  in T T I  f o r   a l l  time  change i n t e r v a l s  were  negative 

so tha t ,   dur ing   the  AVE I1 experiment,  the  atmosphere was  becoming more 

s tab  le  overa 11. 

Table 1 contains  values from the  cumulative  frequency  distributions 

of  changes in   moisture ,   temperature ,   geopotent ia l .   height ,  and vector  

wind fo r   t he  850- and 500-mb levels   for   3- ,   6- ,  9-, and 12-h time 

in t e rva l s .   Pa rame te r s   ca l cu la t ed   a r e   l i s t ed   i n   t he   l e f t -hand  column 

and the   p robabi l i ty   va lues   for   the   four   t ime  in te rva ls   a re   l i s ted   a long  

the  top.   Again,   these  data   indicate   that   general ly  30-60% of   the   to ta l  

observed  change in   the   bas ic   parameters   for  a g iven   probabi l i ty   l eve l  

occurred  over a 3-h  period.  This  further  suggests  that   subsynoptic-scale 

f ea tu res   o r   sys t ems   a r e   r e spons ib l e   fo r   t he   l a rge   va r i ab i l i t y   o f   bas i c  

atmospheric  parameters  over  periods  of  less  than 1 2  h .   In   addi t ion ,  

d i r e c t  measurement  of t h i s   v a r i a b i l i t y  i s  l o s t  between  the  12-h  synoptic 

rawinsonde  runs  and,  therefore,   not  usually  available  for  use  in  fore- 

casting  convection. 

The importance  of  the  short-period  changes i n  parameters i s  

i l l u s t r a t e d   i n   F i g .  52 when cons ide red   i n   l i gh t  of the   r e su i t s  which 

r e l a t e d   v e r t i c a l   m o t i o n ,   s t a b i l i t y ,  and observed  convection.  In  Fig. 

52,  the  probability  of  convection  could  change by a fac tor   o f  8 o r  
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more i n   j u s t  3 h wi th   l a rge   changes   in  e i ther  the T T I  values  o r  the  

v e r t i c a l   f i e l d s   o r   b o t h .  

d.  Analysis of 5 post-frontal   area  of  convective  storms 

A moderately  strong  line  of  thunderstorms  developed  during AVE 11 

around 1800 GMT on  11.May  behind  the  cold  front i n   t h e   n o r t h   c e n t r a l  

P l a ins   S t a t e s .   In   a s soc ia t ion   w i th   t h i s   a r ea   o f   convec t ion ,   an   i so l a t ed  

c e n t e r   o f   u n s t a b l e   a i r  was indicated by the TTI  at' 0000 GMT on  12 May 

(Fig. 58), and a s t rong  12-h  increase  in  T T I  was measured  from  1200 GMT 

on 11 May to  0000 GMT on  12 May (Fig. 59). This system was s t u d i e d   i n  

de t a i l   u s ing   t he  3-h  rawinsonde data   to   determine what  combination  of 

changes in   the  s t ructure   of   the   a tmosphere  occurred  as   the  convect ive 

system  developed and moved eastward.   Therefore ,   both  the  var iabi l i ty  

and s t ructure   of   synopt ic-scale   parameters   associated  with  convect ion 

were combined in   s tudying  this   subsynopt ic-   or   convect ive-scale   system. 

The surfac.e   analysis  a t  2100 GMT on 11 May (Fig.  61) shows a w e l l -  

defined  pressure  trough  behind  the  cold  front  extending from north- 

western Kansas  northeastward  into  Minnesota. The observed  convection 

a t  2200 GMT on 11 May i s  shown i n   F i g .  62. To e s t a b l i s h   t h e   v a r i a b i l i t y  

and s t ructure   of   the   a tmosphere  resul t ing from this   convect ive  area,  

t i m e  cross-sections  of  various  parameters  associated  with  convection 

were analyzed  using  the  nine time periods  of  the  experiment. Omaha, 

Nebraska was used  since  the  system  passed  over  the  station  around 2200 

GMT . 
Figure 63  shows nine  consecutive  temperature  soundings a t  Omaha. 

A wel l -def ined   f ronta l  zone and tropopause i s  es tab l i shed  and o the r  

s t a b l e   l a y e r s  are t r a c k a b l e   i n  t i m e  using  potent ia l   temperature   surfaces .  

La rge   f l uc tua t ions   i n   t he   pos i t i on   o f   t he   f ron ta l  zone and tropopause 

occur  during  the  experiment  as  the  tropopause appears to   subs ide   in to  

the   f ron ta l  zone  while  the  convective  system  passes  over  the  station 

around 2200 GMT on 11 May. 

The t ime  cross   sect ion  containing wind  and i so tach   ana lys i s ,  dew- 

point   depression,  and TTI  is shown i n   F i g .  64. Figure 65 contains  the 

ver t ica l   mot ion   ca lcu la ted  from  Eqs.  17 and 18 f o r   t h e  same cross  

sec t ion .  From 1200 GETT t o  1800 GMT on 11 May subsidence i s  ind ica ted  
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h 

I I 

Fig. 61. S u r f a c e   a n a l y s i s   a t  2100 GMT, 11 May 
1974. 

Fig. 62. S a t e l l i t e  and radar  composite a t  
2200 GMT, 11 May 1974.  
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under   the   f ronta l  zone and d r y   a i r  i s  present,  producing a decreasing 

T T I .  The polar  j e t  also  appears  between the tropopause and f r o n t a l  

zone .   S t rong   increases   in   mois ture   in  the mid-troposphere  occur  between 

2100 GMT on 11 May and 0000 GNT. on  12 May as   the  convect ive system 

passed.  Backing  winds  between 1800 G W  and  2100 GMT on 11 May signaled 

the  approach  of  the  pressure  trough and s t rong   pos i t i ve   ve r t i ca l   mo t ion  

which, i n  combinat ion  with  unstable   a i r   indicated by the T T I  values ,  

r e l eased   t he   po ten t i a l   i n s t ab i l i t y  and produced  convection.  Subsidence 

followed a t  0300 GMT on 1 2  May and the   a i r   d r ied   bu t   another   weaker  

system  (also  seen  in   Fig.  4 4 ) ,  containing no weather,  developed and 

passed Omaha around 0600 GMT on 12 May. A center   of  upward v e r t i c a l  

motion and higher  moisture  developed  with  the  weaker  system. From 0900 

G'MT t o  1200 GMT on 1 2  May, t h e   p o l a r   j e t  i s  seen  again  as  the  tropo- 

pause  separated  from  the  frontal  zone and strong  subsidence  dried  the 

a i r   aga in   unde r   t he   f ron ta l  zone. 

The analysis   of   this   convect ive  system  substant ia tes   the  previous 

statements  that   subsynoptic-scale  systems, moving within  the  large-scale  

synop t i c   f i e ld ,   a r e   impor t an t   i n   bo th   r e l eas ing   po ten t i a l   i n s t ab i l i t y  

and producing  the  large  variabil i ty  of  parameters  associated  with 

convect ion  over   t ime  intervals   shorter   than 1 2  h. 



111 

6 .  SUMMARY AND CONCLUSIONS 

a .  Summary 

An ob jec t ive   ana lys i s   o f   t he   s t ruc tu re  and v a r i a b i l i t y   o f   t h e  

atmosphere  relative  to  radar-observed  convection  has  been  carried  out 

using  the 3-h AVE I1 rawinsonde  data,   surface  data,  and manually 

d ig i t i zed   r ada r   da t a .  The analysis  of  moisture,   vector  wind,  divergence 

of   the  wind,   ver t ical   motion,   moisture   divergence,  and s t a b i l i t y  was 

accomplished  using  data  of  unique  accuracy and sampling  interval.  

These analyses  were  then compared to  the  radar-observed  convection  to 

determine  the  interrelat ionships   between  synopt ic-scale   parameters  and 

convective-scale  systems. The var iab i l i ty   o f   synopt ic -sca le   parameters  

was a l s o  computed over  3-, 6-, 9- ,  and 12-h  periods, and a p a r t i c u l a r  
example  of  convection  formation was analyzed  to show the  time  changes 

i n  a tmospher ic   s t ruc ture   tha t   occur   in   convec t ion   a reas   over   t ime 

in t e rva l s   l e s s   t han  12  h. 

b.  Conclusions 

The following  conclusions  were  reached  for  the 24 h AVE I1 

experiment: 

1. Moisture  convective  storms 

Usually  surface dew point  temperature  exceeded 50°F and the mean 

relat ive  humidi ty  from the  surface  to  500 mb exceeded 60% i n   a r e a s   o f  

convect ive  act ivi ty .   In   addi t ion,   the   boundary  layer  and  lower 

troposphere  (below 700 mb) a re   u sua l ly   mo i s t   i n   a r eas  of convective 

storms so t h a t  mSFC - 
> 60%, respec t ive ly ,   occur   in   a reas   o f   convec t ive   ac t iv i ty .  

850 mb and =850 - 700 mb values > 70% and 

2. S t a b i l i t y  and convective  storms 

The s t ab i l i t y   i ndex   a lone  i s  only a f a i r   i nd ica to r   o f   convec t ive  

ac t iv i ty   bu t   t he  KI appears  to be superior   over   the LI and TTI f o r  

identifying  areas  of  convective  storms. Also, the  atmosphere i s  

usual ly   convect ively  unstable   in   the  lower  t roposphere  but   severe  

convec t ive   ac t iv i ty  i s  found in  areas  with  values  of  -Aoe  exceeding 

about -15C/25 mb. AP 

I 
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3.  Divergence  of wind  and moi s tu re   r e l a t ive  to convective 

s t o m s  

Convect ive  act ivi ty  is usua l ly  found in   a r eas   o f   bo th  wind  and 

moisture  convergence a t   t he   su r f ace   w i th   s t ronge r   convec t ive   ac t iv i ty  

usually  associated  with  stronger  surface  moisture  convergence. Above 

the   sur face ,   convec t ive   ac t iv i ty  i s  usua l ly   assoc ia ted   wi th   bo th  wind  and 

moisture  convergence i n   t h e  lower  troposphere  while  stronger  convective 

a c t i v i t y  i s  associated  with  stronger  moisture  convergence  within  the 

boundary  layer.   In  addition, wind divergence  in   the  middle  and upper 

troposphere  (above 700 mb) i s  usua l ly  found  over  areas  of  convective 

storms . 
4 .  Vertical   motion and convective  storms 

The magnitude and s ign   of   t e r ra in- induced   ver t ica l   mot ion   cor re la te  

poorly  with  areas  of convective  storms  but upward v e r t i c a l  motion j u s t  

above  the  surface, computed from both  terrain- induced  ver t ical   motion 

and surface wind divergence, i s  usua l ly  found in   a reas   o f   convec t ive  

a c t i v i t y .  Above the  ground,  convective storms a r e  found i n   a r e a s  where 

upward v e r t i c a l  motion e x i s t s  somewhere i n   t h e  lower  troposphere  while 

above  about 700 mb upward ver t ica l   mot ion  i s  not a necessary  condi t ion 

fo r   convec t ive   ac t iv i ty   t o  form and m a i n t a i n   i t s e l f .   I n   a d d i t i o n ,  

convective  storms  form many times  within upward v e r t i c a l  motion  along 

a co ld   f ron t ' o r  above a warm frontal   surface,   whi le   s t rong  convect ive 

a c t i v i t y   o c c u r s   i n   a r e a s  where  strong upward ve r t i ca l   ve loc i ty   ex t ends  

throughout  the.  low and middle  troposphere. 

5. In t e r r e l a t ionsh ips  between  parameters @ convective  storms 

When a measure  of   potent ia l   ins tabi l i ty  and  upward v e r t i c a l  motion 

i n   t h e  lower  troposphere i s  combined, a reas  of convective  storms  can  be 

accurately  delineated  about 80% of  the  time when the  atmosphere i s  

uns tab le   whi le   the   p robabi l i ty   o f   convec t ive   ac t iv i ty  i s  < 20%, 

independent   o f   the   po ten t ia l   ins tab i l i ty ,  when subsidence i s  occurring 

i n   t h e  lower  troposphere.  Also,  areas  of  convective  storms  can  be 

most accura te ly   ou t l ined  by combining  those  areas i n  which  the  boundary 

layer  i s  moist,  the low and middle  troposphere i s  p o t e n t i a l l y  and 

convectively  unstable,  and moisture  convergence i s  p r e s e n t   e i t h e r   a t  

the  surface  or  within  the  boundary  layer.  
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6 .  V a r i a b i l i t y  of parameters  convective  storms 

The var iab i l i ty   o f   synopt ic -sca le   parameters   over   per iods  from 3 

t o  1 2  h   i nd ica t e s   t ha t  30-60% of   t he   t o t a l  change  observed i n  a  para- 

meter  over  a  12-h  period  occurs  within  a  3-h  period. A s  a   resu l t ,   the  

l a r g e   v a r i a b i l i t y   o f   p o t e n t i a l   i n s t a b i l i t y  and v e r t i c a l  motion  can 

allow  the  probabili ty  of  convective  activity  to  change by a   factor   of  

8 o r  more i n  3 h. Accurate  3-h  rawinsonde  data  can be used  to   ident i fy  

and follow  subsynoptic-scale  systems  that  produce  convective  storms 

and sometimes c r e a t e   t h e   l a r g e   v a r i a b i l i t y  of  the  atmosphere  over 

time  periods a s  small   as  3 h. 
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APPENDIX I 

Rawinsonde S t a t i o n s   P a r t i c i p a t i n g   i n  AVE I1 Pilot  Experiment 

S ta t ion   Iden t i f i e r   Loca t ion  

11001 (MSF) 
22001 (OUN) 
22002 (FSI) 
22003 (LNS) 
22004 (FTC) 
22005 (CHK) 

201 (EYW) 
202 (MIA) 
208 (CHS) 
211 (TPA) 
213 (AYS) 
221 (VPS) 
226 (MGM) 
232 (BVE) 
235 (JAN) 
240 (LCH) 
248 (SHV) 
250 (BRO) 
255 (VCT) 
260 (SEP) 

265 (MAF) 
304 (HAT) 

317 (GSO) 
327 (BNA) 
340 (LIT) 
349 (UMN) 
363 (AMA) 
402 (WAL) 
405 (IAD) 
425 (HTS) 
429 (DAY) 
433 (SLO) 
4 5 1  (DDC) 
456 (TOP) 

261 (DRT) 

311 (AHN) 

486 (JFK) 
4 9 4  (CHH) 
5 1 8  (ALB) 
520 (PIT) 
528 (BUF) 
532 (PIA) 
5 5 3  ( O M )  
562 (LBF) 
606 (PWM) 
637 (FNT) 

Marshall  Space  Flight  Center, Alabama 
Norman,  Oklahoma 
F t .  S i l l ,  Oklahoma 
Lindsay, Oklahoma 
F t  . Cobb , Oklahoma 
Chi cka  sha , Oklahoma 
Key West, Flor ida 
M i a m i  , Florida 
Charleston,  South  Carolina 
Tampa, Flor ida 
Waycross,  Georgia 
Eglin AFB, Flor ida 
Montgomery, Alabama 
Boothville,   Louisiana 
Jackson, M i s s i s s i p p i  
Lake Charles , Louisiana 
Shreveport,  Louisiana 
Brownsville,  Texas 
Victor ia  , Texas 
Stephenville,  Texas 
Del  Rio,  Texas 
Mid land,  Texas 
Hatteras,  North  Carolina 
Athens , Georgia 
Greensboro,  North  Carolina 
Nashville,  Tennessee 
L i t t l e  Rock, Arkansas 
Mone t t , Missouri 
Amari 110 , Texas 
Wallops  Island,  Virginia 
Dulles  Airport ,   Virginia 
Huntington, West Virginia 
Dayton,  Ohio 
Salem, I l l i n o i s  
Dodge C i t y ,  Kansas 
Topeka,  Kansas 
Kennedy Airport ,  New York 
Chatam, Massachusetts 
Albany, New York 
Pi t tsburgh , Pennsylvania 
Buffalo, New York 
P e o r i a ,   I l l i n o i s  
Omaha , Nebraska 
North  Plat te ,  Nebraska 
Port  land , Main= 
F l i n t ,  Michigan 
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APPENDIX I (Continued) 

Rawinsonde S t a t i o n s   P a r t i c i p a t i n g   i n  AVE I1 Pilot  Experiment 

S ta t ion   Ident i f ie r   Loca t ion  

645 (GRB) 
6 5 4  (HON) 
655 (STC) 
562 (RAP) 
712 (CAR) 
734 (SSM) 

7 6 4  (BIS) 
747 (INL) 

Green Bay, Wisconsin 
Huron, South Dakota 
S t .  Cloud,  Minnesota 
Rapid C i t y ,  South  Dakota 
Caribou, Maine 
Sault  Sainte  Marie,  Michigan 
Internat ional   Fal ls ,   Minnesota  
Bismarck,  North  Dakota 

NASA-Langley, 1976 




